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ABSTRACT 
Throughout the history of life on Earth, organisms have been exposed continuously to 
radiation from radionuclides produced by cosmic rays in the atmosphere, and radiation 
from naturally occurring substances which are spatially distributed in all living and non-
living components of the biosphere (UNSCEAR, 2000). Building materials are the main 
sources of indoor gamma radiation, besides terrestrial and cosmic radiation. The most 
commonly encountered radionuclides in construction materials are ^^ **U, ^^^Th, their 
decay products and K. The presence of natural radioactivity in materials used in the 
construction of dwellings results in external and internal exposure to the occupants. The 
external exposure is caused by direct gamma radiation. The internal radiation exposure, 
affecting the respiratory tract, is due to radon and its daughters which are released from 
building materials (Hupopean Commission, 1999). 
Today, with the increasing use of radioactive isotopes in many fields such as industry, 
medicine, nuclear weapons, nuclear reactors and agriculture, it has become necessary to 
study the different parameters related to the passage of gamma radiation through a 
material. 
Natural radioactivity is energy generated by those radioactive elements that exist in the 
earth's crust (Tufail et al., 2007). The naturally occurring radionuclides present in soil 
including U"''^ Ra^ "^ , Th'^' and K''" are source of natural radioactivity. This mainly enters 
into the body via food product, drinking water, forestry products. Around 90% of human 
radiation exposure arises from natural sources such as cosmic radiation, exposure to 
radon gas and terrestrial radiation (Kilic and Aykamis, 2009). The radon is an odourless 
and colourless inert gas, comes from uranium, sources such as soils, rocks, sand, cement 
and marbles etc. It is a decay product of radium (Ra^ ^^ ) and its half-life is 3.825 days. It 
releases ionizing radiation and becomes daughter elements which are known as progeny 
products during decay process that leads to exposure and health risks from radon. Radon 
is carcinogen, is the first cause of lung cancer among non - smokers, according to 
IJSEPA 2004. Radon is responsible for about 2900 deaths of people who have never 
smoked (EPA, 2004), because after inhalation airborne becomes deeply trapped in the 
lungs, r^herefore, the exposure of population to high concentration of radon and its 
daughters for a long period leads to pathological effects like the respiratory function 
changes. 
Radon is a radioactive gas arising from the naturally occurring radio-nuclides present 
in the environment. It is present in varying quantities, depends upon local geology and 
ventilation conditions. Radon transportation takes place mainly by diffusion and force 
llow'. Inhalation of radon and its short-lived alpha active daughters (" Po and ' Po) 
present in the ambient air contribute significantly to the radiation damage caused in 
tracheal, bronchial and pulmonary regions. Studies have shown that prolongs 
inhalation of radon and its progeny may lead to lung cancer in many cases. The 
radiation given off by radium bombards the bone marrow and destroys tissue that 
produces red blood cells. It also can cause bone cancer. Radon is ubiquitous in the 
natural environment and supposed to be the second most important factor of health 
hazards caused by natural radioactivity. Radon gas arises from the uranium {" U) 
decay series, which is the largest single source of radiation exposure to a population. 
Inhalation of radon and its progeny can cause a significant health hazard, if it is 
present at enhanced level. This thesis is divided into five chapters: 
CHAPTER-1: 
This chapter describes a brief introduction of literature on natural radioactivity and 
radon. Though it is difficult to review the entire multidisciplinary field, efforts are 
made to collect the information on the work carried out by various workers all over 
the world. It covers a brief introduction about the research on the environmental 
radioactivity. A brief review of literature of the radioactive decay, naturally occurring 
radionuclides, radioactive decay series, external and internal exposure, discovery of 
radon, sources of radon, health hazard due to natural radioactivity and ionizing 
radiation, physical properties and chemical properties of radon, uses of radon, units of 
measurement for radon levels, who is at risk, WHO report about radon and aim of 
present investigation. 
CHAPTER-2: 
This chapter presents a brief description of Solid State Nuclear Track Detectors 
(SSNTDs). criteria of track formation, track formation theory, threshold characteristic 
ofSSNTDs, track revelation and counting and technique of counting of tracks. Details 
about the radon measurement techniques along with the instruments used in present 
investigation are presented in this chapter. "Sealed Can Technique" for the 
measurement of radon exhalation rate in different building construction materials 
have been discussed in details. Twin cup radon dosimeter technique used in present 
study for the measurement of radon / thoron and their daughter concentrations has 
been described. Low level gamma ray spectroscopic system using HPGe detector used 
for the estimation of activity concentration of natural radionuclides ( U, ' *Th and 
4(1 K) has been described. 
CHAPTER-3: 
This chapter embodies the level of natural radiation level (""^ U / ^^ ^Ra, "^ "Th and ''V) 
in soil of Meerut city and Dhanbad city and in rock samples of Lalitpur and Dhanbad 
city of India have been estimated. The estimation of air absorbed gamma dose rate, 
indoor and outdoor effective dose and health hazard indexes has also been carried out 
from radiation protection point of view. For uniformity in exposure, total activity 
concentrations were calculated in terms of radium equivalent activity. 
CHAPTER-4: 
In the fourth chapter. "Sealed Can Technique" was used for the measurement of 
radium and radon exhalation rates from soil and sand and these results are discussed 
in the light of radiation exposure. Soil samples are collected from Meerut and 
Dhanbad city, sand samples are collected from Kerala beach, India and rock samples 
are collected from Lalitpur, India. 
CHAPTER- 5: 
This chapter presents and discusses the results of measurement of radon and its 
progeny concentration in the rooms of the dwelling in the neighborhood of factory 
area at Firozabad and in the factories using "SSNTDs" in "Bare Mode". Track 
detector based twin chamber dosimeters have used for estimating radon ( "Rn) and 
thoron (""Rn) gases and their progeny concentrations in the dwelling of Firozabad 
and Aligarh city. 
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CHAPTER -1 
INTRODUCTION AND REVIEW OF 
LITERATURE 
1.1: INTRODUCTION: 
Natural radioactivity is energy generated by those radioactive elements that exist in the 
earth's crust (Tufail et al., 2007). The naturally occurring radionuclides present in soil 
'^-jo "T^A '^^o 'in 
including' ' U. " Ra, ""'"Th and K are source of natural radioactivity. This mainly enters 
into the body via food product, drinking water, forestry products. Almost 90% of human 
radiation exposure arises from natural sources such as cosmic radiation, exposure to 
ladon gas and terrestrial radiation (Kilic et al., 2009). 
Tiie radon comes from uranium, sources such as soils, rocks, sand, cement and marbles 
etc. It is a decay product of radium (" Ra) and its half-life is 3.825 days. Radon gas 
enters houses from the ground through cracks in concrete floors and walls, through 
gaps between floor and slab, and around drains and pipes, and small pores of hollow-
block walls. Consequently, radon levels are usually higher in basements, cellars and 
ground floors. Depending on a number of factors, the concentration of radon indoors 
\aries with the time of the year, from day to day, and from hour to hour. Because of 
this time-variation, reliable measurements of mean concentrations in air should be 
made for at least three months (Radon and Health. Information sheet. October 2002). 
The level of radon in homes can be measured with several techniques. 
The health effects of exposure to radon are caused primarily by damage due to alpha-
particles. The potential effects will depend on exposure level. The main danger from 
high radon exposure is an increased risk of lung cancer. The radiation given off by 
radium bombards the bone marrow and destroys tissue that produces red blood cells, 
ll also can cause bone cancer (Khan et al., 2011). Radon as a noble gas is quickly 
exhaled after being inhaled in; yet, radon progeny conglomerate with other molecules 
in the air and with particles of dust, aerosols or smoke, and readily deposit in the 
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airways of the lung. While lodged there, the progeny emit ionizing radiation in the 
form of alpha particles, which can damage the cells lining the airways. Researchers 
have confirmed that ionizing radiation affecting bronchial epithelial cells could cause 
cancer. Epidemiological studies on thousands of uranium miners in different 
countries, including Germany. USA, Canada, Czechoslovakia, and others, also 
support this fact. Studies have been undertaken of several miner, totaling 68,000 men 
of whom 2,700 died from lung cancer (Radon and Health information sheet, 2002). 
An increased risk of all histological types of lung cancer, including small cell 
carcinoma, adenocarcinoma, and squamous cell carcinoma, has been associated with 
occupational exposure to radon (Churg, 1994). But exposure to radon in houses can 
also lead to lung cancer, it is believed, for example, that every year more than 15000 
deaths from lung cancer occur due to radon exposure in the United States and more 
than 2500 deaths in the United Kingdom (Radon and Health information Sheet Final 
October 2002). 
1.2: THE RADIOACTIVE DECAY: 
Radioactivity is a natural part of our environment (Johnson, 1991). Earth contains 
several primordial long-lived radioisotopes that have survived to the present in 
significant amounts. They are unstable, and will eventually decay by emitting a 
particle, transforming the nucleus into another nucleus, or into a lower energy state. A 
chain of decays takes place until a stable nucleus is reached. These radioactive 
nuclides decay statistically by processes like alpha, beta or gamma decay. Theories of 
emission of alpha, beta and gamma rays have been developed and the combination of 
the experimental and theoretical knowledge of these processes forms one of the 
important branches of nuclear physics. The radioactivity is quite unaffected by any 
change of physical or chemical conditions viz. variation of temperature, pressure and 
also by the application of electric and magnetic field, etc. 
1.2.1: ALPHA DECAY: 
In alpha decay, the nucleus emits an alpha particle; an alpha particle is essentially a 
helium nucleus. Ifs a group of two protons and two neutrons. A helium nucleus is 
very stable. An example of an alpha decay involves uranium-238: 
'?it/ -^ 'ItTh + \He (1.1) 
The procedure of transforming one element to another is known as transmutation. 
Alpha particles do not travel distant in air before being absorbed; this makes them 
very harmless for use in smoke detectors, a common domestic item. Alpha decay is 
directed by the strong nuclear force. Alpha particles have typical kinetic energy of 5 
MeV (i.e. 0.13% of their total energy). This corresponds to a speed of around 0.05c. 
Because of their relatively large mass, +2 charge and relatively low velocity, they are 
likely to interact with other atoms and lose their energy. Alpha (a) could barely pass 
through a single sheet of paper, deflected as a positive particle in a magnetic field. 
1.2.2: BETA DECAY: 
A beta particle is often an electron, but it can also be a positron, a positively-charged 
particle that is the anti-matter equivalent of the electron. If an electron is involved, the 
number of neutrons in the nucleus decreases by one and the number of protons 
increases by one. An example of such a process is: 
90 Th -^ ^\Pa + _\e (1.2) 
In terms of safety, beta particles are much more penetrating tlian alplia particles, but 
much less than gamma particles. 
1.2.3: GAMMA DPXAY: 
The emission of a or []-particles usually leaves the residual nucleus in an excited state, 
which is found to go to some other excited state or ground stated by the emission of y-
rays, whose energy is equal to the difference of energy between the two nuclear 
energy levels. Gamma radiation is electromagnetic radiation similar to light rays but 
ol'much higher energy. Gamma radiation is not a mode of radioactive decay (such as 
alpha and beta decay). Rather, it is a mechanism by which excess energy is emitted 
from certain radionuclides, i.e., as highly energetic electromagnetic radiation emitted 
from the nucleus of the atom (ANL report, 2005). The wavelength of gamma rays is 
much shorter than that of visible light. The short lived decay products of radon 
isotopes, particular!)' ''"^Pb and "'"'Bi (from "'Rn) and '"^T\ (from "'^Rn) are the most 
important gamma ray emitters of the Uranium-238 and Thorium-232 series. 
1.3: NATURALLY OCCURRING RADIONUCLIDES: 
Our world is radioactive and has been since its creation. Natural radiation has been 
with us since the Big Bang and the appearance of the Universe (Lee, 2005a). 
Radionuclides and radiation are constituents of the Earth and show significant roles in 
natural processes. Long-lived radionuclides Naturally Occurring Radioactive 
Materials (NORM) are part of the Earth. The majority of radionuclides in NORM 
(principally radium and radon) arise from uranium and thorium decay. Radon 
exposure in homes can be high, particularly those built on Rn-containing rocks or soil 
etc. Human activities and technological processes such as fossil fuel burning, mineral 
cxlraclion and lertilizer application often increase concentrations of radionuclides in 
the NORM (Lee, 2005b). Industrial practices relating actual resources often 
concentrate radionuclides to an amount that can lead a hazard to humans and the 
environment (Egidi, 1997). Materials that comprise natural radionuclides, whose 
levels are concentrated due to technological operations, are termed Technologically 
ijihanced Naturally Occurring Radioactive Materials (TENORM). TENORM are, in 
numerous circumstances, large-volume, low-activity waste streams produced via 
industries such as mineral mining, ore beneficiation, phosphate fertiliser manufacture, 
water treatment and purification, paper and pulp fabrication, oil and gas creation, 
scrap metal recycling and waste incineration. The level of individual exposure from 
NORM is usually insignificant. However, TENORM in some cases can be dangerous 
(l.ee, 2005b). The naturally occurring radionuclides which Becquerel discovered in 
1986 were a mixture of several isotopes which were later found to be related to each 
otiier. They were the members of long series of isotopes of various elements, all of 
which were radioactive except the last stable isotopes. Uranium, the most abundant of 
the radioactive elements in this mixture consists of three different isotopes about 
99.3% of naturally occurring uranium is"" U, about 0.7 % is ' L^J. and a trace quantity 
(about 5 X 10"'%) is -'^ U (USEPA, 1991). "^ '^ U and -'"u belong to one family, the 
uranium series, while the "'^ U is the first member of another series called the actinium 
series. 
1.4: RADIOACTIVE DECAY SERIES: 
Radioactive decay occurs when an unstable (radioactive) isotope transforms to a more 
stable isotope, generally by emitting a subatomic particle such as an alpha, beta or 
other charged and neutral particles and gamma rays. There are three naturally 
occurring radioactive series, namely Uraniuni-238, Thorium-232, and Uranium-235 
scries (iMgs. I.I, 1.2 and 1.3). After emission of about a dozen alpha and beta 
emissions with associated gamma rays, these series end in stable isotope of lead, 
nameh Pb-106, Pb-208 and Pb-207, respectively. One member of each series is a rare 
gas, being an isotope of element radon (Rn-222, Rn-220 and Rn-219, respectively). 
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Figure-1.1: (Uranium - 238 Decay Series) 
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Figure-1.2: (Uranium -235 Decay Series) 
232 The most abundant of all naturally occurring radioisotopes, "Th, is the parent 
member of still another long chain of successive radioisotopes. 
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Figure-1.3: (Thorium -232 Decay Series) 
All ihcse radioactive scries have several common characteristics. 
1. The first member of each series is very long lived with half-lives that may be 
measured in geological time units. 
2. Each series has a gaseous member and furthermore the radioactive gas in each 
case is an isotope of the element radon. 
3. The end product in each case is stable and isotope of lead, in the case of 
m'anium series, the final member is stable ""'Pb, in the actinium series it is 
2U7 •, :!08r Pb and in the thorium series it is Pb 
in case of uranium series, the radioactive gas Rn is called radon, in the thorium 
series the gas; '"^"RU is called thoron while in the actinium series it is called actinon 
(""'''Rn), The existence of the radioactive gases in the three chains is one of the main 
reasons for the presence of naturally occurring environmental radioactivity. The radon 
isotopes are listed in Table- 1.1 with their principle characteristics. 
I able-1.1: 
Series 
lh"anium 
fhorium 
Actinium 
Long-
lived 
parent 
: 3 . s ^ 
-^ -Th 
235^ 
Crustal 
Abundance 
(ppni) 
2.70 
8.50 
0.02 
Radon 
isotope 
222 n 
Rn 
^-"Rn 
= "^Rn 
Common 
Name 
Radon 
Thoron 
Actinon 
Half- life 
• l .S l days 
55.6 sec 
3.96 sec 
Particle 
emitted 
and energy 
(MeV) 
' a, 5.49 
a, 6.29 
a. 6.82 
1.5: EXTERNAL AND INTERNAL EXPOSURE: 
I'rimordial radionuclides are normally long lived, with half-lives frequently of the 
order of hundreds of millions of years. Primordial radionuclides are categorized for 
instance non-series and series depending on the decay pathway. The Earth's current 
population takes some level of radiation from a number of natural, as well as man-
made sources including cosmic rays from outer space and the Sun's surface, terrestrial 
radionuclides that occur in the Earth's crust, in building materials and in air, water, 
foods and in the human body itself Humans contain ''"K and C elements and 
liicrefore potentially irradiate one another as the decay of''"K causes emission of 1.46 
MeV photons. Few of the exposure sources are equally constant and uniform for all 
persons everywhere (Ramachandran, 2011), 
A radionuclide is an atom whose nucleus changes with time. These changes create 
several effects: 
1, The atom loses energy in such a way that a new element is formed. 
2. The energy involved in the alteration may be adequate to damage living tissue. 
This strictly defined process of energy loss is known as a decay series (Cowart and 
Burnett, 1994: Einsalata. 1994). 
fhe damaging effects of radionuclides do not come from their chemistry within 
tissue, but from the radiation associated with radioactive decay. Radiation of tissue 
raises the risk of cancer. But, the health hazard varies according to the type and 
cnerg> of radiation, residence time in the selected tissue, and concentration of the 
radionuclide. Knowing these factors, the dose or exposure to the radionuclide can be 
measured (tianlon. 1992). 
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Hose is simply the product of the radionuclide intake and the appropriate Dose 
C'onversion Factor (DCF), Dose is reported in terms of Sieverts. which is equivalent 
10 1 Joule / kg. 
file proposed standard for an individual in the population for whole body continuous 
exposure is 1,0 mSvyr"'- (Roessler et al., 1991). Continuous exposure means that a 
person is exposed to this small amount of radiation every day. Note that the average 
exposure for most people due to radon is already higher than the proposed standard. 
Ihe total radiation exposure both external and internal resulting from natural and 
artificial either from occupational or other sources is necessary for assessing the 
effects of ingestion and inhalation. These radionuclides are either cosmogenic (i.e. 
produced by the interaction of cosmic rays with atoms in the upper atmosphere) or 
primordial in the sense that they existed in the earth's crust. Internal exposures form 
cosmogenic nuclides such as H, Be, C. "Na are the only components with some 
significance (UNSCHAR. 2000). The main sources of primordial radiations are the 
radionuclides of the natural uranium and thorium series as well as K and Rb. The 
major fraction of internal dose received by the human beings is due to the inhalation 
ol radioactive gas radon (""Rn) and its decay products. They are responsible for about 
60% of the effective dose equivalents from internal emitters. In the decreasing order 
of importance are '^ "K (13%), ""Rn (13%) and -'°Pb - "'"Po (8%) (Takizawa et al., 
2005). The effective dose equivalent from all internal sources is estimated to be about 
twice that from external irradiation. 
Measurements of radiation levels have been done throughout the world and are found 
to vary considerably from place to place. In particular regions they are much higher 
and the population living there receives proportionately higher exposures. The regions 
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of the highest radiation levels on the earth are found in Brazil, Iran, China, France and 
India (Moura et al., 2011, Ghiassi-nejad et al., 2002, Zhao et al., 2012, Dariusz et al., 
2012, Ramachandran, 2011). The composition of the total population exposure in 
India from various sources is depicted in figure 1.4. 
COSMDGENIC 
NUCLIDE, 
0.65% 
Figure-1.4: The composition of the total population exposure in India 
1.6: DISCOVERY OF RADON: 
Radon was discovered in 1900 by Friedrich Ernst Dorn (Partington, 1957). It was 
originally named as nitron, from the Latin word "nltens", which means shining. In 
1923, it was renamed as radon. Other isotopes of radon ^^ °Rn and '^'^ Rn were 
discovered by R. B. Owens and E. Rutherford in 1899 and F. 0. Giesel and A. 
Debieme in 1904, respectively. 
1.7: SOURCES OF RADON: 
Radon can't see, taste, smell, or sense. Each home has various amount of radon in the 
air. Radon is capable to pass through easily as air is moving. Radon gas can enter the 
home in different ways, including dirt floors, cracks in concrete floors and walls, floor 
drains, sumps, tiny cracks or pores in hollow walls, and from the ground water supply. 
C'onsequenth, radon is found concentrated in the poorly ventilated home. 
1. Cracks in Solid Floors 
2. Construction Joints 
3. Crncks in V^alls below 
Ground Level 
4. Gaps in Suspended Floors 
5. Cracks in Walls 
6. Gaps around Service Pipes 
7. Cavities in Walls 
F'igure-1.5: Radon entrv wavs 
1.8: HEALTH HAZARD DUE TO NATURAL RADIOACTIVITY AND 
IONIZING RADIATION: 
Our earth contains several health hazardous radionuclides. Over 60 radionuclides can 
be found in environment, and they can be placed in three common categories 
1. Primordial 
2. Cosmogenic 
3. F^ uman produced 
The radiations consist of alpha and beta particles, neutrons, gamma rays, x-rays; these 
are ionizing radiations which cause health hazard. Naturally radioactive elements such 
as ui'anium, thorium and radium have always been present on earth (Damla et al.. 
2010. Ateba et al., 2010). Naturally existing radiation are the main contributors to the 
radiation environment. The fact that ionizing radiations create biological injury has 
been known for many decades. 
The origin of cosmic rays is not yet understood. These radiations consist of a 
combination of electrons, protons, alpha particles and traces of heavier nuclei. These 
are highly energetic radiations with energy 10 eV to 10" eK (Cronin, 1999). The 
primary cosmic rays are almost entirely attenuated as they interact through nuclear 
reactions in the upper atmosphere and as a result secondary radiations such as 
neutrons and gamma rays are produced with are highly penetrating. 
The cosmogenic radionuclides are always existent on the earth; nevertheless, their 
half-life is shorter than the age of earth. More than 25 cosmogenic radionuclides have 
been identified. '''C is the example of such nuclides, which is produced by the 
reactions ''^ N (n, p) '^ C in atmosphere when the neutrons from cosmic-rays interact 
with nitrogen (Lamarsh, 1983). The primordial radionuclides are very long lived. The 
life of the earth is assumed to be 4.5 billion years: therefore the short lived 
radionuclides would have decayed by this time. The radionuclides of half of the order 
of 10^years are present in certain amounts at this time. The relatively inore abundant 
naturally occurring radionuclides belong to uranium and thorium decay series. It is 
generally recognized that exposure to radon and its decay products constitute - 50-55 
% of the total exposure of the general population to all sources of radiation whether 
natural or man-made (Rahman et al., 2009). The possibility of cancer induction due to 
indoor radon has attracting increasing attention in the scientific community during the 
past decade (Maher O. El-Ghossain, 2007). Scientists estimate that from about 5000 
to about 20000 lung cancer deaths a year in the United States may be attributed to 
radon (EPA. 1986). The major health effect of concern with exposure to ionizing 
radiation (radon) is cancer. Ionizing radiation involves the application of energy or 
particles that have the ability to displace electrons from atoms for the more 
penetrating forms of ionizing radiation, this may occur inside cells. This is 
particularly harmful when the radiation affects the deoxyribonucleic acid (DNA) of 
the cell (Fig. 1.6). Which can alter the genetic code, and result in altered cell function 
is associated with the development of cancer (Evans et al., 1993, Lehnert and 
Cloodwin. 1997). 
RADIATION DAMAGE TO DNA 
H2-Bond Breakage 
PyrimidineDimer 
;i 
DNA Cross-Linkage 
Protein Cross-Linkage 
-Double-strand Break 
- Base Loss 
-— Base Change 
Cross-Linkage 
Single-Strand Break 
Figure-1.6: Radiation damage to DNA 
Lung cancer is the most common form of the mortal cancer in most industriahzed 
countries accounting for about one fifth of all cancer deaths (Ennever et al., 1990, 
Veiga et al., 2003). The most common type of lung cancer known as bronchogenic is 
found in the bronchial airways situated in the central part of the lung. Cancers mainly 
found in the large airways are classified as epidermoid tumors and in small airways as 
carcinomas. While breathing, inhaled aerosols attached with radon progeny, can be 
trapped by the sticky mucus on the bronchial airways. The sensitive basal cells 
located just beneath the inside surface of the bronchial airways are within the range of 
a-radiations emitted by the radon daughters (NRC, 1991). These alpha radiations 
irradiate the basal thin layer of bronchial tree (Okunade et al., 2008). Some of the 
factors affecting the basal cells are the age of the person, size of aerosols, breathing 
pattern, and the speed with which mucus clears the aerosols out of the lung by 
physiological processes (Hussain et al., 2011). 
The respiratory tract where radon progeny are most likely to be deposited can be 
divided into three regions (Figure 1.7) on the basis of anatomy and functions, namely 
ihe Nose-Pharynx (N-P). Trachea-Bronchi (T-B) and Alveolar-hiterstitial (A-I) 
regions (ICRP, 1994). The N-P region humidifies the inhaled air and filters the dust 
and aerosols. Although the radon progeny can be deposited along this upper 
respiratory tract, there is no evidence from mining population that radon progeny 
increases nasal cancer risk. Ionizing radiation causes both deterministic and stochastic 
ciTects in irradiated tissues. If the dose is large enough, deterministic effects result in 
killing of cells. The stochastic effects partially damage the cells resulting in mutation 
ofcells and cancer. 
ALPHA RADUnON DAJilAGE 
Radon progeny 
attached to 
dust particles 
Dust inhaled 
Nose-Phanux 
hi ^ Trachea-Bronc 
Ah'e olar- Interstitial 
Figiire-1.7: Radon progeny deposition regions 
The risk of lung cancer from radon exposure is estimated at between 10 to 20 times 
greater for persons who smoke cigarettes as compared with those who have never 
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smoked. Theory holds that everyone is at risk from radon exposure, and this healtii 
risk increases linearly with dose. Lung cancer is a leading cause of cancer death 
worldwide (Heather et al., 2007, Copes et al., 2007; EPA, 2009). In many countries 
the proportion is still higher. Guideline values (action levels) of radon vary among 
countries (radon and health information sheet 2002) (Table 1.2). 
Table- 1.2: Domestic radon concentrations and Action Levels in different countries 
Average radon 
concentration in homes 
(Bq m~ )^ 
Action Level 
(Bqm-3) 
Lithuania 
Lu.xembourg 
Norway 
Poland 
Russia 
Sweden 
Switzerland 
United Kingdom 
ITiropean Community 
L'SA 
Canada 
140 
123 
50 
60 
48 
37 
210 
51-60 
25 
19-250 
108 
70 
20 
70.5 
46 
20-50 
200 
400 
250 
200 
200 
100 
250 
200 
400 
200-400 
400 
1000 
200 
400 
150 
800 
1.9: PHYSICAL PROPERTIES AND CHEMICAL PROPERTIES OF RADON: 
Radon is a colorless, odorless gas with a boiling point of-61.8"C (-79.2°F). Its density 
is 9.72 grams per liter, making it about seven times as dense as air. It is the densest 
gas known. Radon dissolves in water and becomes a clear, colorless liquid below its 
boiling point. At even lower temperature, liquid radon freezes. As a solid, its color 
ciianges from yellow to orangish-red as the temperature is lowered even further. It is a 
dramatic sight since it also glows because of the intense radiation being produced. 
Radon was long thought to be chemically inert. The term inert means incapable of 
reacting with other substances. In the early 1960s, however, a number of chemists 
louiid ways of making compounds of the noble gases (Grosse, 1965). They did so by 
combining a noble gas with a very active element. The element generally used was 
fluorine, the most active chemical element. The result was the formation of noble gas 
compounds. The first radon compound to be produced was radon fluoride (RnF) 
([•'ieldsetal., 1962). 
LIO: USES OF RADON: 
Some uses ot radon (""Rn) are given below. 
1. Earthquake prediction 
2. Study of atmospheric transport 
.1. Medical application 
4. Uranium exploration etc. 
1.11: UNITS OF MEASUREMENT FOR RADON LEVELS: 
Nearly all measurements of radon level in the indoor and outdoor are expressed as the 
concentration of radon in SI units as Becquerel per cubic meter (Bq m~-^ ) and radon 
daughters are expressed in working levels (WL). A working level month (WLM) is 
defined as 170 hours (21.25 working days/month x 8 hrs/day) in a work place at one 
WL. Exposure rate is typically given in working level months per year (WLM / 
year). Some other units used in health physics are: Radiation Absorbed Dose (RAD), 
(Iray (Gy), Sievert (Sv) and Working LevdiWL). Knowledge of the terms and units 
is essential to fully understand radiation. Following are the terms and units generally 
used in the measured of radiation. 
ACTIVITY: 
The activity of a radioactive sample is a measurement of the rate of decay of its 
nuclei. The S.I. unit of activity is Becquerel (Bq). One Bq is equal to one 
disintegration per second. The old unit of activity is curie (Ci). One Ci is 
approximately equal to the activity of I gram of "^Ra, which is equal to 3.7 x lO'" 
disintegrations per second. Thus, 
1 a = 3.7x 10^°Bq 
The Bq is a very small unit. 
ABSORBED DOSE: 
The absorbed dose 'D' is defined as the energy absorbed in matter per unit mass. The 
old unit of absorbed dose is rad and S.I. unit is Gray (Gy) or J/Kg. If 100 ergs of 
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radiation energy is deposited in one gram of irradiated matter tlien it is called 1 rad. 1 
(iray is deilned as 1 Joule of radiation energy deposited in Kg of irradiated matter 
1 Gy - 100 rad 
KQUIVALENT DOSE: 
I'he absorbed dose multiplied by radiation weighing factor (14/,.) is known as 
equivalent dose {Hj) 
llj. = DxWr 
1 he conventional unit of equivalent dose is rem and S. I. unit is sievert (Sv) 
1 Sv - 100 rem 
and 1 rem = 10 mSv 
EFFECTIVE DOSE: 
1 he equivalent dose multiplied by a tissue - weighting factor (Wr)ls called the 
effective dose 
[• = HjWr 
If more than one tissue are exposed to radiation then the effective dose is the sum of 
the weight equivalent doses in all the tissue 
i.e. E = HrW-r 
P01 ENTIAL ALPHA ENERGY CONCENTRATION: 
The Potential Alpha Energy Concentration (PAEC) is defined as the sum of all the 
potential alpha energy in unit volume of air. The S.l. unit of PAEC \sjm~^. The 
v\idely used unit of PAEC is working level (WL). 
WORKING LEVEL: 
Working level (WL) is a unit of PAEC due to short-lived radon daughters. One WL is 
equivalent to the total potential energy released by all short-lived radon progeny in 1 
litre of air in equilibrium with 100 pci of"""Rn, which is equal to 1.3 x 10^  MeV. 
WORKING LEVEL MONTH: 
1 Working Level Month (WLM) is defined as the exposure of 170 hours to a radon 
daughter concentration of 1 WL. 
EQUILIBRIUM FACTOR: 
l-quilibrium factor F. if defined as the ratio of the total potential alpha energy for a 
given daughter concentration to the total potential alpha energy of the daughter if they 
are in equilibrium with the given amount of radon concentration (C/^ ,i) 
100 X PAEC (WL) 
'' C,,,iPCi/L) 
or 
3700 X P/liPC(M/L) 
C«r.(Bqm ^) 
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1.12: WHO IS AT RISK?: 
This is a list ofoccupalions that have the potential for high Rn-222 progeny exposure: 
1. Mine workers, including uranium, hard rock, and vanadium 
2. Workers remediating radioactive contaminated sites, including uranium mill 
sites and mill tailings 
3. Workers at underground nuclear waste repositories 
4. Radon mitigation contractors and testers 
X Employees of natural caves 
6. Phosphate fertilizer plant workers 
7. Oil refmery workers 
8. Utilit) tunnel workers 
^). Subway tunnel workers 
It). Construction excavators 
I 1. Power plant workers, including geothermal power and coal 
12. Employees of radon health mines 
13. Employees of radon balneo therapy spas (vvaterborne Rn source) 
14. Water plant operators (waterborne '"'Rn source) 
1 5. Fish hatchery attendants (vvaterborne ""Rn source) 
16. Employees who come in contact with technologically enhanced sources of 
naturall}' occurring radioactive materials 
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17. Incidental exposure in almost any occupation from local geologic "-"Rn 
sources 
1.13: WHO REPORT ABOUT RADON: 
Tlie United Nation's World Health Organization (WHO) says that radon is a 
worldwide health risk in homes. Dr. Maria Neira of WHO said that "'Most radon 
induced lung cancers occur from low and medium dose exposures in people's homes. 
Radon is the second most important cause of lung cancer after smoking in many 
countries". The World Health Organization (WHO) says radon causes up to 15% of 
lung cancers worldwide. 
1.14: AIM OF PRESENT INVESTIGATION: 
Radon is an unscenled, tasteless and invisible gas; it cannot be detected by the senses. 
Radon is a form of ionizing radiation and a proven carcinogen. Lung cancer is the 
only known effect on human health from exposure to radon in air. Radon is a 
radioactive gas produced naturally by the decay of uranium in the earth's crust. It 
exists all over the world, although its production and, consequently, its concentration 
are not imiform. Whether house is new or old, radon tends to accumulate in the lower 
and less ventilated rooms, like the basement for example, where it can reach high 
concentrations. Keeping in view of the health hazard effects of radon and its daughter 
products to the general public, a study is proposed to measure their levels in the 
dwellings of Firozabad city, Meerut city, Dhanbad city (Jharkliand), Lalitpiir city and 
Tirur beach (Kerala) in India. This study is being measured for the first time in this 
area according to the best of our knowledge. The aim of our present investigation is to 
measure natural radioactivity and radon, which is the subject matter of this thesis. The 
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ladiuin concentration and radon exhalation rate has been measured by using Sealed 
Can technique. The concentration of radon and its progeny has been measured by 
using twin chamber dosimeter cup and also we measured the inhalation dose rate, life 
lime fatality risk factor and annual effective dose. The activity of radionuclides has 
been measured by using Nal(Ti) detector and also we measured radium equivalent 
activity, air absorbed gamma-radiation dose rate, annual average effective dose rates, 
external and internal hazard index, gamma index and alpha index. 
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CHAPTER - 2 
SOLID STATE NUCLEAR TRACK 
DETECTOR (SSNTD) TECHNIQUE FOR 
RADON MEASUREMENTS 
2.1: INTRODUCTION: 
The Held of Solid State Nuclear Track Detection had its origin in the year 1958 when 
tlrst observations were reported by D. A. Young at AERE Harwell (Young, 1958). A 
solid-state nuclear track detector or SSNTD (also known as an etched track detector 
or a dielectric track detector, DTD) is a section of a solid material (photographic 
emulsion, crystal, glass or plastic) uncovered to nuclear radiation (neutron or charged 
particles, intermittently as well gamma rays), etched, and inspected microscopically. 
The pathway of nuclear particles are imprinted quicker than the body substance, in 
addition to the range and form of these trails acquiesce knowledge regarding the 
charge, mass, direction of motion of the particles as well as the energy. The benefits 
o\cr other radiation detectors include the detailed knowledge accessible on distinctive 
particles, the insistence of the passageways permitting measurements to be made over 
extended periods of time, and the easy, inexpensive and active construction of the 
detector. The foundation of SSNTDs is that charged particles break the detector 
within nanometers down the path in such a way that the path can be imprinted 
persistently more rapidly than the pure substance. Etching, characteristically for some 
hours, extends the dent to narrowing depths of micrometer dimensions, which can be 
seen with a microscope. For an identified particle, the distance of the pathway shows 
the cnerg} of the particle. SSNTDs are frequently used to learn more about cosmic 
rays, long-standing radioactive elements, radon concentration in houses, and the age 
of geological samples. 
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2.2: SOME USEFUL FEATURES OF TRACK DETECTORS: 
i. The}' are inexpensive, convenient to use and quite robust. 
2. Rapid and automatic techniques can be employed with these detectors to count 
the number of events occurring. 
3. They can be obtained in any size, from very small to very large (small detectors 
can be used to measure particle fluxes in odd locations while large detectors 
are used to record very rare events in cosmic ray studies). 
4. The) are insensitive to /?. y and X-radiation. 
.'^ . They are insensitive to light. Their development or etching is simple and rapid 
and does not require dark room facilities. 
6. The registered tracks are a permanent record of the phenomenon under 
investigation, in particular, they remain unaffected by changes in atmospheric 
conditions such as temperature, pressure, humidity etc. 
7. They can be used as threshold detectors, e.g. glasses and certain plastics record 
fission fragment tracks. 
8. The charge and energy discrimination of these detectors has been found to be 
better than that of nuclear emulsions. 
2.3: CRITERIA OF TRACK FORMATION: 
Particle tracks are formed in many insulating materials and some semiconductors, but 
not in metals. Track formation in solids mainly depends upon 
1. I'otal energy loss rate (/ = dE/dx) 
2. Angle of incidence of the ion with respect to the detector surface. 
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The rate al vvliich the ion loses energy (/ = dE/dx) or causes certain aheration in 
soh'd is related to the production of track in that material. The value of this energy loss 
/ must be higher than a particular value called critical value y,. for track formation. The 
value of Vc for one solid is same for all the particles and is different for different 
solids. 
2.4: TRACK FORMATION THEORY: 
When a ciiarged ion of atomic number Z traverses the solid, its orbital electrons 
interact with the electrons of the atom of which the solid is made of As a result a fast 
moving atom of atomic number Z would rapidly become an ion by being stripped of 
all or some of its orbital electrons. Therefore, the ion acquires a net positive charge 
7.' which can be empirically expressed as (Heckman et al., I960) 
Z* = Z l-exp(-130/?/Z^/3J] (2.1) 
where, /? is the speed of ion relative to the velocity of light. At higher velocities 
Z' ~ Z and the dominant interaction is due to the electrical force between the ion and 
atomic electrons in the solid. As a result of this interaction, atomic electrons in the 
solids can be e.xcited to high energy levels or can be stripped out of the atom. In 
polymers, excitation can lead to the breakage of molecular chains and formation of 
iVee radicals, fhe ejected out electrons in atoms called delta rays, can cause further 
ionization and excitation if they have enough energy. In inorganic solids primary 
ionization is the major source of the track damage and the secondary effects of delta 
rays are unimportant. However, in polymers primary ionization as well as delta rays 
contributes to the formation of track. 
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Several models have been considered to explain the mechanism of track formation in 
different materials such as, 
1. ion explosion spike model 
2. Restricted energy loss model 
1 Displacement spike model 
4. Thermal spike model 
However, only ion explosion spike model could successfully explain the track 
formation mechanics in dielectric solids. 
2.4.1: ION EXPLOSION SPIKE MODEL: 
This model was proposed by Fleischer and his collaborators which could successfully 
and satisfactorily explain the track formation mechanism in dielectric solids 
(IJNSCEAR, 1982). According to this model, a positively charged particle knocks out 
tiie orbital electrons of the atom lying in and around the path of it, producing a region 
full of positive ions along the trajectory of ionizing particle. These positive ions there 
repel one another, perturbing the regular lattice in a crystalline solid, producing a 
more or less cylindrical region of ion (Figure 2.1). On the other hand in the organic 
polymer, the charged particles break the long molecular chains by ionization and 
excitation and new species which are highly chemically reactive are formed. These 
latent damage trials can be seen at high magnifications (30,000 X) under a 
transmission electron microscope. However, the electron microscope is not suitable 
for the observation of these latent tracks for various reasons. These difficulties may be 
o\ ercome by the use of "etching process" i.e. the damage trails can be "developed" 
and fixed by using an appropriate etchant (Young, 1958). 
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leased on the Ion Explosion Spike model, tiie requirement of track formation is that 
tiie coulomb repulsive forces vvith-in the ionized region should be sufficient to 
overcome the lattice bonding forces, i.e. the electrostatic stress should be greater than 
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Figure- 2.1: Track formation in crystaHine solids and polymers 
36 
the mechanical strength or bonding strength. When two ions in a material of dielectric 
constant e and average atomic spacing CIQ have received an average ionization of n 
unit charge e, the coulomb forces between them is n^e^/eal and the electrostatic 
force per unit area will be n'^e^/eciQ. For a material of Young's modulus V, the 
bonding force of the lattice may be taken to be Y/10 as a working approximation 
(Meischer et al.. 1975). Therefore, the criterion for track formation can be expressed 
• - T > T7T (2-2) 
eal 10 
or 
Yea'o 
lOe^ 
where, R is stress ratio and is the measure of the relative sensitivity of different 
materials in which the tracks are formed. 
for tracks to be atomically continuous there must be at least one ionization event per 
atomic plane. (Fleischer et al., 1965) showed that, roughly speaking, this criterion is 
satisfied over the regions of incident particle trajectory where tracks are formed. If 
positive ion core is to survive long enough (i. e. for > lO"-^  sec) for a track to form, 
then the free electron density rif must be low. Quantitatively this implies 
Uf < en/iraQiXj^KTl (2.3) 
where, /(„ is the electron mobility; T. the absolute temperature; /(", the Boltzmann's 
constant; t. the diffusion time for electrons (typically 10~" sec) and the other 
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svmbols having their usual meanings. This condition is satisfied by insulators but not 
b> metals. The positive ion core contains a high concentration of holes. The hole 
mobiiiiy should nol be too high, otherwise the core would be neutralized before 
repulsion could take place. In semi-conductors and metals the hole mobility is too 
high at room temperature. Therefore only insulators satisfy both the conditions for the 
formation of tracks. 
2.5: THRESHOLD CHARACTERISTIC OF SSNTDS: 
l-.\perinientally it has been found that the SSNTD's are threshold type of passive 
detectors. The relative sensitivity of the SSNTDs is understood in terms of critical 
\alue of primary ionization (J)cru. (Fleischer et al., 1967a) or critical value of 
restricted energy loss rate {REQcru. or {dE/dx)w<w,ru (Benton, 1967). Practically 
for every SSNTD there exists a critical value of material damage only above which 
!he tracks become etch able. (J)cru. or iREL)w<w„-u '"cp'^ esents this critical damage. If 
a particle produces an excitation and ionization in a SSNTD to such an extent that 
resulting damage is above the Q)crit. or iREL)^.^ for that material, its tracks can be 
preferentially etched and observed with the help of a microscope, if the damage 
produced by any particle is less than J^ for a given SSNTD, the track of that particle 
cannot be etched in that SSNTD. These threshold or critical values are shown by 
horizontal lines in figure 2.2. Fleischer et al., 1967 obtained these lines by 
experimentally detecting the registration and non-registration of tracks of accelerated 
lieav_\' ions, flie figure shows the wide variation in response extending from that of 
cellulose nitrate which will register low energy protons (Jones et a)., 1967). to those 
of minerals so insensitive that they will not register even argon ion at its maximum 
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ionization rate (Fleischer el al.. 1966, 1967). It is evident from the figure 2.2 that 
plastic track detectors are most sensitive type of SSNTD's because the threshold 
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Figure-2.2: Damage density (or ionization rate) vs velocity. 
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represented by electrical value of primary ionization,/j.^ is much lower for plastics. 
2.6: TRACK REVELATION AND COUNTING: 
2.6.1: ETCHING: 
Most of techniques have been proposed. We are mainly concerned with chemical 
etching. The radiation damage trails are more vuhierable to chemical reactions as 
compared to other bulk material because of the large free energy associated with the 
disordered structure. When these channels reach a width comparable to the 
wavelength of visible light, they act as strong scattering centres appearing black in 
normal bright illuminated field and can be seen under optical microscope. Each 
SSNTD has its own etch parameters. The choice of etching solution, the temperature 
of the etchant and the time of etching are the critical parameters which must be taken 
into consideration during etching process. Etching solution should be so selected that 
the tracks with very small angles are produced and the surface of detector remains 
optically transparent. The etched tracks should also have regular geometric shapes. 
The rate of chemical attack along trails of radiation damage is called track etch rate, 
1/y and that along undamaged bulk material is called bulk etch rate, VQ The shape of 
the tracks depend upon the ratio of the track etch rate l/j- to the bulk etch rate Kc. The 
activation energy for the damage region is higher as compared to that of remaining 
bulk material. Therefore \'JIVQ > 1 and thus the etchant produces a conical etch pit 
having a cone angle (figure 2.3). 
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I'or etched tracks to appear, there is a certain critical angle 0,., the angle between the 
plane of material and the direction of particles below which tracks will not be 
registered by chemical etching although the condition V-,- > VQ is satisfied. To 
understand it supposes a charged particle is incident at angle 9 with respect to the 
detector surface as shown in figure 2.3. After the etching time t, the track length 
etched will be Vf • t and the thickness of bulk material removed will be K^  • t. 
Obviously the recorded track will be observable only if the vertical component of 
Vi- • t i.e. Vj • t • sin 6* where Q is the angle of incidence with respect to the detector 
surface is greater than VQ • t. 
Critical angle is given by 
0, = sm-KVa/Vr) (2.4) 
Cienerally VQ is much smaller than Vf and almost all the tracks appear in the detector 
and are cylindrical in shape when Vj > VQ. 
fhe etching efficiency, defined as the fraction of tracks intersecting a given surface 
that are etched on the surface under specified conditions of the detector depends upon 
llie critical angle and is given by 
r, = l - s i n 0 , - 1-l/(,/Kr (2.5) 
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(a) llkistrates the shape of the etched track when VQ/VJ < 1. 
(b) No track formation, as the surface is removed at a greater rate than the normal 
component of Vj-. 
(c) sin VQ/V;- is the critical angle 9c above which tracks are registered. 
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The etch rates depend upon (i) the composition of material, (ii) the nature of the 
damage produced by the charged particle, (iii) etchant parameters and (iv) etching 
time. 
2.7: TECHNIQUE OF COUNTING OF TRACKS: 
2.7.1: OPTICAL MICROSCOPE: 
Optical microscope is a most suitable method for tracks scanning in the SSNTDs (fig. 
2.4). 
Fine adjustment 
Figure-2.4: Binocular Optical Microscope 
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After the chemical etching of a detector, the tracks of particle can be easily scanned 
by an optical microscope using ordinary magnification. In the case of normal or near 
normal incidence, the microscope can be focused on the surface of the detector where 
the intersection of the conical tracks with the surface is observed the intersection of 
the conical tracks with the surface is observed as dark circular spots. The tracks can 
be easily distinguished from the background scratches etc. in the detector. Optical 
microscopy has been found to be highly useful and convenient for obtaining track 
parameters and densities, although the counting through a microscope is a 
cumbersome process. 
2.7.2: SPARK COUNTER: 
Spark counter technique was first invented by Cross and Tommasino (1970). This 
technique is ver} common in most of the laboratories because it is efficient, fast, 
reliable and does not require highly expensive (Monin, 1980). It is especially useful 
for counting low track densities. This device is manufactured by M/S Digiline 
Electronics. Mumbai and calibrated by Environmental Assessment Division, Bhabha 
Atomic research Centre, Mumbai. Electronics design for this unit essentially consists 
of a spark head. EHT circuit, pulse shaping circuits, one start switch, one set voltage 
switch and one four digit counter/display. The device consists of two electrodes 
between which an etched LR-i 15, type 11 plastic track detector having through-etched 
holes is placed. The lower plate of the capacitor is made of thick brass plate, which is 
earthed, and upper plate through a thin "aluminized myler" is connected to the high 
voltage electrode. A heavy weight is placed on the upper surface of myler, which 
extends between the two electrodes so as to ensure intimate electrical contact by 
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pressure. I^ he spark occurs on the etched places of the detector after applying the high 
\oltage. The total number of sparks through etched places are recorded and displayed. 
2.8: EXPERIMENTAL TECHNIQUES: 
Several techniques have been using for the measurements of radon ("""Rn) and its 
daughters but some widely used techniques in the indoor and outdoor air are as 
follows 
2.8.1. Ionization Chambers 
2.8.2. Scintillation Cells 
2.8.3. I^ adon Emanometry 
2.8.4. Plastic Bag Technique 
2.8.5. Charcoal technique 
2.8.6. Thermo luminescence Detector Technique 
2.8.7. Track etch technique 
2.8.1: IONIZATION CHAMBERS: 
Pulse-type ionization chambers have been in use for many years for the measurement 
of radon. An ionization chamber consists of a cylinder with an electric field 
established between two electrodes (Fiesenne et al., 1985). This is a complicated 
device that is generally used as primary laboratory device for calibration and 
evaluating secondarx device. The lower limit of detection is about 0.7 mBq of radon 
for 17 hours counts that is given by manufacturers. This is not used widely because of 
its complexity and high cost. 
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2.8.2: SCINTILLATION CELLS: 
One of (he most widely used and aecepted methods for measurement of radon both in 
ihe laborator\ and the field is the scintillation cell. Scintillation cells also referred to 
as Lucas cells in recognition of development work by H F Lucas (Lucas, 1957), have 
been in use since the 1950 (Damon et al., 1952). Scintillation cells (flasks) consist of a 
plastic, metal or glass container that has the interior surfaces coated with a thin layer 
of silver activated zinc sulfide phosphor. Either one or two sampling ports with values 
are lltted to the flask to permit filling with the test atmosphere. Scintillation cells 
currently in use are predominantly right circular cylinders that range in volume from 
0.09 to 2.01. 
2.8.3: RADON EMANOMETRY: 
Radon emanometer has been using to measure the alpha emanation rate from radon in 
tlie gas fraction of a soil or water sample by pumping the gas into a scintillation 
chamber with a closed circuit technique. Emanometer was the earliest device to 
measure radon and is still widely used for quick radon survey (Alekseev et al., 1959. 
Raniola et al., 1989). 
2.8.4: PLASTIC BAG TECHNIQUE: 
fhis is time-integrated technique for radon measurement (Sill, 1969). The sampled air 
collected for a period of two to three days and is pumped into a bag, which is 
impermeable to radon gas. The integrated sample during analysis is transferred to the 
Scintillation llask, for alpha counting. Concentration as low as 0.01 pCi/L can be 
measured using this technique. 
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2.8.5: CHARCOAL TECHNIQUE: 
in this technique, an airtight container with activated charcoal is opened in the area to 
be sampled and radon in the air adsorbs onto the charcoal granules. At the end of the 
sampling period, the container is sealed and may be sent to a laboratory for analysis. 
The gamma deca_\ from the radon adsorbed to the charcoal is counted on a 
scintillation detector and a calculation based on calibration information is used to 
calculate the radon concentration at the sample site. Charcoal adsorption detectors, 
depending on design, are deployed from 2 to 7 days. Because charcoal allows 
continual adsorption and desorption of radon, the method does not give a true 
integrated measurement over the exposure time. 
2.8.6: THERMO LUMINESCENCE DETECTOR TECHNIQUE: 
A thermo luminescent dosimeter, or TLD, is a type of radiation dosimeter. A TLD 
measures ionizing radiation exposure by measuring the amount of visible light 
emitted from a crystal in the detector when the crystal is heated. The amount of light 
emitted is dependent upon the radiation exposure. Materials exhibiting thermo 
luminescence in response to ionizing radiation include but are not limited to calcium 
lluoride. lithium fluoride, calcium sulfate, lithium borate, calcium borate, potassium 
bromide and feldspar. 
2.8.7: TRACK ETCH TECHNIQUE: 
frack etch technique is one of the most used techniques for radon measurement 
(Durrani and Bull. 1987; Klies et al., 1992: Virk, 1999). Solid state nuclear track 
detectors (SSNTDs) are insulating solids both naturally occurring and manmade. 
There are several types of these detectors including inorganic crystals, glasses and 
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plastics. When a heavily ionizing charged particles passes through such insulating 
solids, it leaves a narrow trail of damage about 50 A in diameter along its path. This is 
called latent track. The exact nature of the physical and chemical changes occurring at 
the damage site depends on the charge (Z) and velocity (/? = v/c), where v is the 
particle velocity and c is the velocity of light) of particle, chemical structure of 
detector material and also on the environmental conditions like temperature and 
pressure. These latent tracks can be enlarged by etching with some chemicals such as 
sodium hydroxide (Fleischer et al., 1975; Iyer, 1972). 
lECHNIQUES USED IN PRESENT STUDY: 
In present study, various materials and instruments were used for radon measurements 
in soil and air. Most of the methods are based on the detection of alpha particles. Brief 
descriptions of these materials and methods are given below: 
1. L R-115 type II plastic track detector 
2. "Sealed Can Technique" for radon exhalation rate measurements 
3. Constant Temperature Water Bath 
4. Optical Microscope 
5. Bare mode technique for radon, thoron and progeny 
6. fwin chamber dosimeter technique for radon, thoron and progeny 
7. Nal(Tl) detector and Portable Gamma ray spectrometer for natural radioactivity 
measurements 
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1: L R-115 TYPE II PLASTIC TRACK DETECTOR: 
The LR-I 15 Type II (Manufactured by Kodak Pathe, France) plastic track detector 
has been used in present study for measurement of radon, thoron and progeny. It is a 
12 fitn thick lllm red dyed cellulose nitrate emulsion coated on inert polyester base of 
100 /w)i thickness and has maximum sensitivity for alpha particles, fission fragments 
and ionizing particles with high enough LET. The upper threshold energy in LR-115, 
which produces the tracks as through holes, is 4.8 MeV (Abu-Jarad et al., 1980). The 
film can be used to record the tracks of protons with energy < 100 KeV. However, it is 
insensitive to X or /- rays, photons, electrons and high-energy protons. For fast 
neutrons, it has low detection efficiency (10~^ track/neutron) (Khan, 1975). The 
detection efficiency of alpha particles for the detector at normal incidence is about 
30% for energies between L5 MeV and 4.8 MeV (Damkjaer, 1986; Nakahara et al., 
1980). 
2: SEALED CAN TECHNIQUE EOR RADON EXHALATION RATE 
MEASUREMENTS: 
I'he experimental setup of "Sealed Can Technique" is shown in figure 2.5. In this 
laboratory experiment, the track etch method has been used to measure the exhalation 
rate of radon from the soil sample. 
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7.5 cm 
Soil gas radon 
i k i k 
LR-115typen 
plastic track 
detector 
•Plastic Can 
K Soil sample 
Figure-2.5: Experimental setup for measurements of radon exhalation rates in soil 
samples 
About 0.10 kg sample is collected in new and transparent polyethylene from the soil 
surface under 1 feet depth. In this technique, LR-115 type II plastic track detector is 
fixed inside the lid of the can with the help of transparent adhesive tape, in such a way 
as to allow the coated side of the detector to face the soil sample. The geometry of the 
can is 7 cm diameter and 7.5 cm height and sealed for 90 days. The detectors were 
then removed, etched and counted for track density measurements. 
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I'eiiiperature of this instrument lias the range froin ambient to 60°C with an aecuraey 
oi"±0.1°C. It consists mercury thermo regulator to controls temperature and auto-cut 
system at set temperature. It has stainless steel stirring rod & blade fitted through 
1/20 II.P. High speed motor with speed regulator and three nickel chromium 
immersions heaters of 750 W, 250 W & 125 W and Control Panel provided at the 
lower portion with three ON/OFF switches for heaters, two indicators, main ON/OFF 
switch and a speed regulator knob. The main tank is a doubled walled, stainless steel 
inside and MS sheet epo.xy powder coated outside. A sealed glass window of 230 x 
130 mm size provided for observation. 220/230 volts A.C power supply is used. 
4: BARE MODE TECHNIQUE FOR RADON, THORON AND PROGENY: 
LR-II5 type II plastic track detectors of size 1.5 x 1.5 cm are used as passive 
detectors in "BARE"" mode (Alter and Fleischer, 1981) for recording the tracks of 
alpha particles emitted by "'Rn gas present in our ambient air and also its short-lived 
progeny, typically ' ' Po and " ' Po, which generally attach themselves to the aerosols. 
The detectors are fixed on cards and mounted on the walls inside the room at a height 
of about 6 feet from the ground with their sensitive surfaces facing the air, taking due 
care that there was nothing to obstruct the detectors within a hemispherical volume of 
radius 9.1 cm in front of them. The a-particles originating from radon and its short-
lived decay products has been registered as tracks in the detectors, if a- particles from 
radon and its short lived daughter products have their energies in the range of about 
1.7 - 4.1 MeV (Jonsson. 1988; Durrani, 1984). 
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5: TWIN CHAMBER DOSIMETER TECHNIQUE FOR RADON, THORON 
AND PROGENY: 
Twin cup dosimeters with LR-115 type II plastic track detectors are used as a tool to 
evaluate dose rate of radon, thoron and its decay products. The dosimeter has been 
developed at the Bhabha Atomic Research Centre (BARC) Mumbai (Happen and 
Mayya, 2004) (fig. 2.7). 
Figure-2.7: Twin cup dosimeter used in the radon study 
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It is a plastic cylindrical chamber of 4.1 cm length and a radius of 3.1 c?n and opened 
at both the sides. A plastic wall divides the whole cylinder into two chambers. The 
SSNTD 1 placed in compartment M measures radon alone which diffuses into it from 
the ambient air through a semi-permeable membrane (e.g. latex, cellulose nitrate etc.) 
of 25 iiiji thickness having diffusion coefficient in the range of 10"*^  — 10"'' cm^s~^ 
(Abdel and Somogy. 1986; llic and Sutej. 1997: Wafaa Arafa, 2002). It allows the 
buildup of about 90% of the radon gas in the compartment and suppresses thoron gas 
concentration by more than 99%. (The mean time for radon to reach the steady-state 
concentration inside the cup is about 4.5 hours.) On the other hand, the glass fiber 
filter paper of thickness 0.56 mm in the compartment F allows both radon and thoron 
gases to diffuse in and hence the tracks on SSNTD 2 placed in this chamber are 
related to the concentrations of both the gases. The SSNTD 3 exposed in the bare 
mode (placed on the outer surface of the dosimeter) registers alpha tracks attributable 
to both the gases and their alpha-emitting progeny, namely "'*Po, "'"'Po, '"'Po and 
' "Po. The choice of the detector LR-115 is made in view of the fact that LR-115 
detectors do not develop tracks originating from the progeny alphas deposited on 
them (Happen et al.. 1998: Nikolaev and llic, 1999; Durrani, 1997) and therefore are 
ideally suited for air concentration measurements. The dosimeter is kept at a height of 
1.5 m from the ground and care was taken to keep the bare card at least 10 cm away 
from any surface. This ensures the errors due to tracks from deposited activity from 
nearby surfaces are avoided, since the ranges of alpha particles from radon/thoron 
progeny fall within 10 cm distance. After exposure time, it was etched chemically in 
2.5 N NaOH solution at 90°C for 1.5 hours, after etching samples were washed upto 
10 minutes with distilled water and dry in the open air. 
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6: Nal(TI) DETECTOR AND PORTABLE GAMMA SPECTROSCOPYTOR 
NATURAL RADIOACTIVITY MEASUREMENTS: 
6.1: Nal(TI) DETECTOR: 
Radioelement (" U, " "Th and K) measurements were carried out in the National 
Cieophysical Research Institute, Hyderabad using a low-level counting multichannel 
gamma-ray spectrometer system. The set-up comprises a 5 x 6 inch Nal(Tr) crystal 
coupled to a 5 inch diameter photomultiplier tube housed in a 7 inch thick lead shield 
(Rao. 1974; Roy. 1997). A complete description of the method is provided in 
Ketcham (1996). The samples are sealed in plastic containers are counted atiter about 
a week's storage by which time secular disequilibrium due to radon loss is largely 
repaired. A 256-channel data set covering up to 3 MeV is obtained through a PC-
based multichannel analyzing card (on an IBM personal computer) that provides a 
stabilized spectrum and also offers spectrum-analysing facilities. Each sample 
weighed about 0.5 kg and the counting time was varied between 10,000 and 25,000 s 
depending upon the activity level of the sample. Calibrating standards were those 
prepared from the standards from the Atomic Energy Commission. New Brunswick. 
Uranium, thorium and potassium estimated in ppm for each sample using the relation 
given by Birch (1954). A Scintre,\-make. four-channel, spectrum stabilized, gamma-
ray spectrometer with a large (6 inch diameter and 4 inch height) Nal(Tr) crystal as 
tlie sensor was used. Measurements were made by placing the sensor directly over 
outcrops, and obtaining counts over a pre-set time in three energy ranges of the 
gamma-ray spectrum, three channels, 180, 240 and 320 keV wide, and centered on the 
peaks, 1.46. 1.76. and 2.62 MeV. characteristic of "^ "K, "''^U and "^'ih respectively. 
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6.2: GAMMA RAY SPECTROMETER: 
Gamma ray spectrometer with Nal(Tl) scintillation detector set-up was used in 
Hemwati Nandan Bahuguna Garhwal University, Srinagar (Garhwal). The Nal(Tl) is 
used by (Ramola et al., 2008). Gamma ray spectrometer with Nal(Tl) scintillation 
detector (Fig. 2.8) is widely used for detection of radiation spontaneously emitted by 
the natural radionuclide. 
Figure-2.8: Gamma ray spectrometer for "^Ra,'^ ^Th and "^ K^ measurements 
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The detection of nuclear radiation by the inorganic alkali halide crystal (Nal) is based 
on the technique in which the kinetic energy of gamma photon is convened into 
detectable light with high scintillation efficiency. The high atomic number of the 
constituents (1=53) and high density of inorganic crystal favor their choice for the 
gamma ray spectroscopy. To enhance the probability of visible photon emission 
during the de-e.\citation process for fast signal pulses generation, a small amount of 
impurity (Thallium) is commonly added to inorganic scintillator. This impurity 
creates spatial sites in the lattice at which the normal energy band structure is 
modified from that of the pure Nal crystal. As a result, there will be energy state 
created within the forbidden gap through which the electron can de-excited back to 
the valance band. Because the energy is less than that of the full forbidden gap. this 
transition can now give rise to a visible photon and therefore serve as the basis of the 
scintillation process. 
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CHAPTER- 3 
MEASUREMENT OF NATURAL 
RADIOACTIVITY, RADIATION HAZARD 
INDICES AND DOSE RATES IN SOIL AND 
ROCK 
3.1: NATURAL RADIOACTIVITY AND RADIOLOGICAL HAZARD 
ASSESSMENT OF SOIL USING GAMMA- RAY SPECTROMETRY 
3.1.1: INTRODUCTION: 
Our world is radioactive since tiie beginning of the universe. Radioactivity is a part of 
our earth as it has existed all along. Radionuclides are found naturally in air, water, 
soil and even found in human being. Every day, we ingest and inhale radionuclides 
through oiu' food, air and water (Eyebiokin et al., 2005). The gamma ray exposure in 
room is due to radiation emitled decay products of "''Ra. " '^Th series and *K. Human 
has always been exposed to natural radiation arising from the earth as well as from 
outside the earth (Kansal et al.. 2010). It is well documented fact that excessive doses 
of ionizing radiation can hurt human tissues. Nevertheless, at low doses of radiation, 
there is quiet significant uncertainty about the total effects. Natural environmental 
radioactivity and the related external exposure due to gamma radiation depend mainly 
on the geological and geographical conditions, and appear at different levels in the 
soils of each region in the world (Diab et al., 2008). Every building construction 
material contains different quantities of natural radioactive nuclides (Ali. 2011. 
Eisenbud and Gesell. 1997). Radiation exposure due to building materials can be 
divided into external and internal exposure (Medhat, 2009). The external exposure is 
caused b} direct gamma radiation whereas internal exposure is caused by the 
inhalation of radon ( Rn). thoron ("' Rn) and their short lived decay products 
(Turhan and Varinlionlu, 2012). As, radon is a noble gas, it can transport easily 
through porous media for instance building materials, while usually only a fraction of 
that produced in the material reaches the surface and enters the indoor air (European 
Commission. 1999). Usually the dominant part of indoor radon on the upper floors of 
a building originates from building materials. Normally indoor radon activity due to 
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building materials is around 10-20 Bq m~^, however in several regions and in rare 
cases it can increase up to greater than 1000 Bq in~-^ . Building construction materials 
are also the signitlcant source of indoor thoron. However, thoron concentrations are 
generally quite low. Thoron may be a significant source of exposure only under some 
rare conditions wherever the building materials contain high concentrations of 
thorium. 
Meerut city is the 16" largest metropolitan area in India and the 25"^  largest city in 
India. Meerut, Hapur and Bulandshahr are the fastest developing city of Uttar Pradesh 
after Noida and Ghaziabad. The Meerut, Hapur and Bulandshahr districts of the state 
of Uttar Pradesh in the northern part of India (Figure 3.1) are, respectively, situated 
between 28° 59' N latitudes and 77° 42' E: longitudes, 28° 72' N latitudes and 77° 78' 
H longitudes, and 28° 24' N latitudes and 77° 51' E longitudes. Many hazardous 
corporations are registered here such as Sugar Corp. Ltd, Paints Private Ltd, Chemical 
Industries, Pharma Ltd, Organics Private Ltd. Pesticides Industries, Polymer 
Industries. Automobiles Lid and Fertilizers Private Ltd. The proper knowledge of 
natural radionuclides distribution and natural radioactivity level in soil environment is 
important for assessing the radiation exposure to the population and is useful to set the 
standards and national guidelines in the light of international recommendations of this 
area. 
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Figure-3.1: The map showing the study area 
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3.1.2: MATERIALS AND METHODS: 
3.1.2.1: SAMPLE COLLECTION AND PREPARATION: 
The soil samples were collected from different places of Bulandsliahr, Hapur and 
Meerut city of Uttar Pradesh, India by grab sampling method. These samples were 
collected in new and transparent polyethylene from the soil surface under 1 feet depth. 
.After removing the stones, the samples were dried in an oven for about 2-3 hours at 
130 - 150°C, to remove moisture. After one hour of cooling, the soil samples were 
made powder by using mortar and pestle and made homogeneous to 150 /im mesh 
sieve. A 500 gm of sieved sample was weighed and placed in bottom of the calibrated 
plastic cans and left to attain secular equilibrium between ' U, " "Th and their 
daughter products for a period of one week before gamma spectrometric analysis 
(Roy etal., 2003, Rao etal., 1974). 
3.1.2.2: GAMMA- RAY SPECTROMETRY: 
""IJ. '"'"Th and ' K^ were measured in soil samples using a low-level counting 
multichannel gamma-ray spectrometer system at National Geophysical Research 
Institute, Hyderabad. This technique has already been discussed in chapter 2. The 
scaled sample was placed in the protection unit of gamma ray spectrometry for the 
coiinling time of three hours. The set-up comprises a 5 x 6 inch Nal(TI) crystal 
coupled to a 5 inch diameter photomultiplier tube housed in a 7 inch thick lead shield 
to reduce the background in the gamma ray spectra (Rao, 1974, Roy, 1997). Periodic 
energy calibration was carried out through the course of a day's work using a 
Ihorium oxide (ThOo) source. Data reduction was carried out in three steps: (i) 
subtraction of background to obtain net count rates, (ii) stripping the net count rate in 
the U-channel for the effect of Th. and the net count rate in the K-channel for the 
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elTects of Th and U, and, (iii) applying pre-determined sensitivity constants to the net, 
stripped, count rates. The counts obtained over a pre-set time in three energy ranges of 
the gamma-ray spectrum, three channels, 180, 240 and 320 keV wide, and centered 
nearby the peaks, 1.46, 1.76 and 2.62 MeV, characteristic of *\. -^ **U and -"Th 
respectively. A complete description of the method is provided by ketcham (Ketcham 
, 1996). 
3.1.2.3: RADIUM EQUIVALENT ACTIVITY: 
The distribution of- ' 'U." "Th and K in soil is not uniform. Uniformity with respect 
to exposure to radiation has been defined interms of Rdgq. The radium equivalent 
activity [Raeq] was calculated by using the following relation (OECD, 1979, Fatima 
ct al., 2008, Huy and Luyen, 2006). 
Ra^q = Au + lASAjn + 0.077^;^ (3.1) 
")TO T I T 4 0 
where. Ay, A^^ and A^ are the activity concentrations of " U, ' "Th and K, 
respectively. In estimating this index, it has been assumed that 370 Bq kg~^ of ""U, 
259 Bq kg~^ of ""'-'fh and 4810 Bq kg~^ of K produce the same gamma doses 
(Isinkayeand Shitta. 2010). 
3.1.2.4: CALCULATION OF AIR ABSORBED DOS£ RATE: 
fhe measured activity concentrations of "^  U, " "Th and K are converted into doses 
(nGy h~^ per Bq kg~^) by applying the factors 0.462. 0.604 and 0.042 for uranium, 
thorium and potassium, respectively (UNSCEAR, 2000). These factors are used to 
calculate the total absorbed gamma dose rate in air at one meter above the ground 
level using the following equation (Abusini et al.. 2008). 
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Dal, = 0A62Au + 0.604^ni + OMllA^ (3.2) 
\\hcre. Ay, /177, and Aj^ are in Bq kg~\ 
3.1.2.5: EFFECTIVE DOSE RATES: 
To measure the annual effective doses, both indoors and outdoors, considerations 
nuist be made for tlie conversion coefficient from absorbed dose in air to effective 
dose and tlie indoor and outdoor occupancy factors, respectively. The conversion 
coefficient, 0.7 SvGy'^ was recommended by UNSCEAR (UNSCEAR, 2000). The 
adults spend about 80% of their time indoors, while the remaining 20% time is spent 
outdoors. Therefore, the indoor and outdoor occupancy factors were given as 0.8 and 
0.2, respectively (UNSCEAR. 2000). Hence, the annual indoor and outdoor effective 
doses (mSv) are given as follows: 
I'lEiindoor) = Dab X 8760/i X 0.8 X OJSvGy-^ X 10"^ (3.3) 
^h-{outdoor] = Dab X 8760/i X 0.2 X {).lSvGy-^ x 10"^ (3.4) 
3.1.2.6: EXTERNAL AND INTERNAL HAZARD INDEX: 
lor the measurement of gamma radiation dose e.xpected to be delivered externally 
from building materials, the external hazard index is given as follows (Beretka and 
Mathew. 1985). 
A,, Ajh AK H^^^^L + ^JL + ^Ji- (3,5) 
" 370 259 4810 ^ ^ 
fhe radiation risk is negligible when the maximum value of the external hazard index 
is less than unity (//„ < I), which is equivalent to a maximum value of the Riic,/ 
activity < 370 Bq kg''. 
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Internal exposure arises from the inhalation of radon ('"Rn) gas and its progeny 
products or ingestion of other radionuclides. Since radon is carcinogenic, it is present 
in all building materials. Hence for the measurement of radon exposure, the internal 
hazard index is given as follows (Beretka and Mathew, 1985). 
3.1.2.7: GAMMA INDP:X: 
Gamma index (/y) proposed by the European Commission has been calculated from 
the activity concentrations of " U, " "Th and K in soil samples (Eisenbud and 
(iesell. 1997). This index is given as follows; 
/An Arh A,^ \ 
^ V300 200 3000/ ^ '^ ^ 
for materials that are used in bulk quantities (Such as clay bricks and concrete etc.), 
the value of ly < 0.5 corresponds to a dose rate criterion of 0.3 mSvyr"^ (milli 
Sievert year"), whereas 0.5 < ly < \ corresponds to a criterion of I mSvyr 
(Turham et al.. 2008). 
, - 1 
3.1.2.8: ALPHA INDEX (/„): 
As radon progeny decay, they emit radioactive alpha particles and attach to aerosols, 
dust and other particles in the air. As we inhale, radon progeny are deposited on the 
cells lining the airways where the alpha particles can damage DNA and potentially 
cause lung cancer. The excess alpha radiation due to radon inhalation originating from 
building materials is estimated through the alpha index (/„), which is defined as 
follows (Krieger, 1981). 
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200 (3.8) 
The recommended upper limit concentration of " U is 200 Bq kg \ whici: 
gives /Q. = !. 
3.1.3: RESULTS AND DISCUSSION: 
Table 3.\ and 3.2 presents the experimental measured values of "^ '^ U. "^ "Th and ^"K 
activity (Bq kg"^). radiation hazard indices (Bqkg~^) and dose rates (nGyh~^) 
with (he standard deviation (± SD). 
Table-3.1: Range and means of' U, " '^Th and K in soil samples of Meerut city ot 
India 
Sample 
Number 
1 
2 
-> J 
4 
5 
6 
7 
8 
Location 
Gulaothi City 
Power 1 louse 
Saraes factory 
Black River 
Echana 
Ghanta Ghar 
Bulandshahr 
Hapur 
NTPC Dadri 
238JJ 
(Bqkg-1) 
53.1 
48.2 
51.9 
48.2 
53.1 
46.9 
29.6 
42.0 
(Bqkg-i) 
66,6 
65.4 
76.7 
65.0 
72.3 
72.3 
34.9 
59.3 
(Bqkg-') 
657.3 
594.7 
719.9 
563.4 
563.4 
594.7 
438.2 
594.7 
Raeq 
(Bq kg-i) 
198.9 
187.4 
217.0 
184.4 
199.8 
196.1 
113.3 
172.6 
71 
9 
10 
11 
Jindal Power 
Tech 
C C S 
University 
Cantt Meerut 
Minimum 
Maximum 
Mean 
SD 
56.8 
63.0 
69.2 
29.6 
69.2 
51.1 
10.4 
71.1 
82.8 
93.8 
34.9 
93.8 
69.1 
14.8 
657.3 
563.4 
532.1 
438.2 
719.9 
589.0 
73.8 
209.0 
224.8 
244.3 
113.3 
244.3 
195.2 
33,7 
I'rom Table 3.1. the values o f ' U have been found to vary from 29.6 to 69.2 Bq kg~^ 
with a mean vakie of 51.1 Bq kg~^. The values of ""'"Th vary from 34.92 to 93.8 
Bq kg"-' with a mean value of 69.1 Bq kg~^ The values of ^°K found to vary from 
438.2 to 719.9 Bq kg"^ with a mean value of 589 Bq kg~ \ it was observed that the 
activity of "''"Th is found higher than "'"''U in all the samples. The soil sample of 
Meerut Cantt in Meerut city is found the higher activity of "^ **U and "^"Th because 
many major industries - Daurala Sugar Mill and Distillery. Daurala Organics and 
Oaurala Chemicals are registered in region of Meerut. Over the past years, residents 
of the vicinity of these industries have been complaining of many serious and 
debilitating illnesses including cancer, epidermal diseases, kidney and gall bladder 
stones and Alzheimer disease which are very common there. According to Pollution 
Monitoring Laboratory of Center for Science and Environment (CSE), New Delhi and 
.lanhit foundation report of 2004. The results of a number of drinking water, 
wastewater, sludge and soil samples have confirmed the presence of the heavy metals, 
including arsenic, lead and cyanide at levels far above the maximum permitted. The 
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heavy metals found in the soil of Daurala of Meerut have detected Lead (Pb) as high 
as 310 ppm, which is more than the double value of the normal permissible limit of 
150 ppm. 
Lead (Pb) is a progeny product of radioactive decay series of'^^U,'^^Uand^^'Thand 
it may also be cause of deaths due to cancer. Figure 3.2 indicates that the high value 
of K has been found in sample of Saraes factory whereas the lowest values of '^ ^^ U, 
^^ "Th and ""^K has been found in the soil sample of Hapur. World average 
concentrations are 35, 30 and 400 Bq kg"^ for "^ ^U, ^^ T^h and ' 'V, respectively 
(UNSCEAR, 2000). 
• Uranium • Thorium Potassium 
719.9 
657.3 
I 563.4 
532.1 
•<c^ .^'' cf^ J- ..^' J- J^' i> r'<> / / / / / / ^^ ^ ' r / ^ 
s^  otr „<?• oS* CT <«> 
.<> 
4 
. ^ ' . < • • 
s^  
/ & ^" 
Figure-3.2: Variation of ^^ *U, ^ ^^ Th and ^"K in different samples. 
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23S, I :32n However, the aclivity of "'''^ U, "'"Th and *K in soil of tliese areas are liigiier tlian ihe 
world reported values (UNSCEAR, 2000). The value of ROg^  for each location is 
(bund to vary from 1 13.3 to 244.3 Bq kg~^ All these values are below the maximum 
limit of 370 Bq kg"-' recommended by UNSCEAR for the safe use of building 
materials (UNSCEAR, 1993). 
Tablc-3.2: Range and means of absorbed dose, annual effective dose and hazard 
indices in soil samples of Meerut city. India. 
Sample 
Numbe 
r 
1 
2 
-> 
4 
5 
6 
7 
8 
9 
10 
11 
Minimu 
m 
Absorbed 
dose 
(nGyh-i) 
92.4 
86.7 
100.6 
85.2 
91.9 
90.3 
53.2 
80.2 
96.8 
102,8 
110.9 
53.2 
Annual Effective 
dose 
Indoor Outdoor 
0.45 
0.43 
0.49 
0.42 
0.45 
0.44 
0.26 
0.39 
0.47 
0.50 
0.54 
0.26 
0.11 
0.11 
0.12 
0.10 
0.11 
0.11 
0.07 
0.10 
0.12 
0.13 
0.14 
0.07 
Hazard index 
Externa! Internal 
0.54 
0.50 
0.59 
0.50 
0.54 
0.53 
0.30 
0.47 
0.54 
0.61 
0.66 
0.30 
0.69 
0.63 
0.73 
0.63 
0.69 
0.66 
0.39 
0.58 
0.72 
0.78 
0.84 
0.39 
Gamma 
index 
0.73 
0.69 
0.79 
0.67 
0.73 
0.72 
0.41 
0.64 
0.77 
0.81 
0.88 
0.41 
Alpha 
index 
0.27 
0.24 
0.26 
0.24 
0,27 
0.23 
0.15 
0,21 
0,28 
0,31 
0.35 
0.15 
74 
Maxim 11 
m 
Mean 
SD 
110.9 
90.1 
15.0 
0.54 
0.44 
0.07 
0.14 
0.11 
0.02 
0.66 
0.53 
0.09 
0.84 
0.67 
0.12 
0.88 
0.71 
0.12 
0.35 
0.26 
0.05 
Table 3.2 shows the values of absorbed dose rate varies from 53.18 to 110.95 nGy h~^ 
with mean value of 90.1 nGy h~\ The global average absorbed dose level is 86 
iiGy h~^ and Indian average absorbed dose level is 90 nGy h~\ It has been observed 
that the ealculated values of absorbed dose is nearly equal to Indian and global 
average value, 'fhe values of annual effective dose rate have been calculated from soil 
samples using equation 3.3 and 3.4, respectively. The value of effective dose indoor is 
found to vary from 0.26 to 0.54 mSvyr"^ with a mean value of 0.44 mSvyr"' 
whereas outdoor effective dose is found to vary from 0.07 to 0.14 ?nSvyr"^ The 
annual effective dose is found marginally below the international recommended value 
1 mSvyr"^ for the general public (UNSCEAR, 2000). The range of external hazard 
inde.x vary from 0.30 to 0.66 with a mean value of 0.53, while the values of internal 
hazard indices in soil samples vary from 0.39 to 0.84 with an average of 0.67. It is 
seen that the average value of external and internal hazard index is less than unity. A 
comparison of measured values of internal and external radiation hazard indices for 
each sampling site is shown in Figure 3.3, which indicates that internal radiation 
hazard index is greater than external radiation hazard index at every sampling site; it 
shows that the use of soil in the construction of dwellings is safe. 
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Table- 3.3: Comparison of activity concentrations of '^^U, 
samples in different areas of the India. 
s. 
No. 
1 
2 
4 
5 
6 
7 
8 
9 
Location 
World average 
All India 
Tamilnadn. 
India 
Kakrapar 
(Gujarat, India) 
Rajastlian, 
India 
Upper Siwaliks 
and Punjab, 
India 
Hamirpur 
district, India 
Garhvval 
Himalaya, 
India 
Hisar district of 
Mean activity concentration 
(Bq kg-i) 
"''U 
50.0 
14.8 
5.3 
7.5 
93.5 
37.7 
44.2 
72.2 
8.2 
"^Th 
50.0 
18.3 
34.0 
17.3 
54.0 
74.9 
174.5 
106.3 
28.3 
"^K 
500.0 
401.1 
134.9 
74.5 
554.0 
93.1 
979.6 
14.9 
References 
UNSCEAR, 1993 
Mishra and Sadasivan et 
al., 1971 
Murugesan et al., 2011 
Patra et al., 2008 
Nageswara et al., 1996 
Singh et al., 2009 
Singh et al., 2003 
Ramolaetal., 2008 
Kansaletal.. 2010 
77 
10 
11 
Haryana, India 
Mysore City 
Meerut City 
37.5 
51.1 
75.5 
69.1 
550.4 
589.0 
Shashikumar et al., 1997 
Present study 
To define the existing relation between the activity concentrations of three natural 
radionuclides in soil samples, correlations among of them were drawn. Figure 3.4 (a-
c) represents correlations between the activity concentration of" U and " 'Th, ' U 
and ^"K and ^^ "Th and ^"K, respectively, using the regression technique. In figure 3.4 
(a) case, the regression is found linear and positive (R~ = 0.89), which indicates the 
secular equilibrium between the parent and the daughter. In figure 3.4 (b) and figure 
3.4 (c) cases, the regression (R") was found linear and negative correlation (0.10 and 
0.15). Hence values of uranium concentrations may not significant from exploration 
point of view. 
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23: Figure- 3.4 (a):" "Th Concentration versus " U Concentration 
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3.1.4: CONCLUSIONS: 
'''^U, "^ "^Th and ^"K activity has been measured from different locations of the 
Bulandshahr, Hapiir and Meerut city of Uttar Pradesh. India, The activity of ""' U. 
" '^Th and "'"K in soil samples are found to vary from 29.64 to 69.16 Bq kg~^ 34.92 to 
93.79 Bqkg~^ and 438.2 to 719.9 Bq kg~\ respectively; while world average 
concentrations are 35, 30 and 400 Bqkg'^ for -'**U, "^ "Th and ''"K, respectively 
(UNSCEAR, 2000). The average and ranges of activity concentration of "^ '*U, " '^Th 
and ""'K in soil of these areas are quite higher than the world reported values 
(UNSCFAR. 2000). The average value of radium equivalent activity is 195.24 
Bq kg"' and found below the recommended value of 370 Bq kg" \ which is 
acceptable for safe use (OECD. 1979). The values of absorbed dose rates due to " U. 
"'"Th and '^ "K in soil samples vary from 53.18 to 110.95 nGy h~^ with an average 
value of 90.1 nGy h' '^ The calculated values of absorbed dose has been found nearly 
equal to Indian and global average value. 
The values of annual effective dose rates in indoor has been found to vary from 0.26 
to 0.54 mSvyr~^ with an average value of 0.44 mSvyr~^ furthermore annual 
effective dose rates in outdoor is found to vary from 0.07 to 0.14 mSvyr"-' with an 
average value of 0.1 1 jnSvyr""-'. It is observed from the table that the indoor annual 
effective dose is higher than the outdoor annual effective dose. This is below the limit 
of 1 mSvyr-i for general population (UNSCEAR, 2000). 
fhe calculated values of Hg^ are vary from 0.30 to 0.66 with an average value of 0.53 
whereas internal hazard index //,„ are vary from 0.39 to 0.84 with an average value of 
0.67. All values of H^^ and /y,-„ is less than unity. However, the value of ly is found to 
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vary from 0.41 to 0.88 with an average value of 0.71 and values of ly were also found 
lower than one. 
.'\ll the values of Z^, were found below the maximum permissible value i.e., I. 
Therefore, the soil samples used in the present study is exempt from all the 
restrictions concerning radioactivity, also these soil samples are safe, can be used in 
building construction. 
3.2: ESTIMATION OF ""U, "^Th AND '"K OF SOIL SAMPLES 
COLLECTED FROM DHANBAD IN JHARKHAND STATE, INDIA 
Dhanbad province lies in the mid-eastern part of Jharkhand state (figure 3.5). Giridih 
bound it in the north. Bokaro in the west, Purulia district in the south and Jamtara 
district in the east. It is linked through NH-2 and NH-32 from state capital and 
different district headquarters of the state. The district has total area of 2089 sq. km. 
and is located between 23° 26' - 24° 01' North latitude to 86° 10' - 86° 48' East 
longitudes. Dhanbad is known as the 'Coal Capital of India. Dhanbad is the 79th 
fastest growing city in world. According to the 201 I census, Dhanbad is among the 35 
cities of India with a population of more than one million. Dhanbad is famous for coal 
mining. Tata Steel, Bharat Coking Coal Limited (BCCL), Eastern Coalfields Limited 
(l.CL), and Indian Iron and Steel Company (IISCO) are some of the companies 
having coal mines in the district. Geographically. Dhanbad has an average elevation 
of 227 m. 
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LOCATIOflOFJHARKHAND 
Figure - 3.5: Study area of the Dhanbad city. 
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Dhanbad features elimate that is transitional between a humid subtropical climate and 
a tropical wet and dry climate. Summer starts from last week of March and ends in 
mid-June. Peak temperature in summer can reach 47°C. Dhanbad also receives heavy 
rainfall. In winter, the minimum temperature remains around I2"C with a ma.ximum 
t)f 22°C, .Iharkhand state of India is rich in minerals and is called the store house of 
minerals. In addition to uranium deposits at Jaduguda, there are huge deposits of 
bau.xite, mica and coal along with iron, copper, chromites, tungsten, lime stone, 
feldspar and quartz etc. The soil in the Jharkhand state of India contains marginally 
elevated levels of natural radioactivity due to presence of higher mineralization of 
Luanium. The houses of local population are built using local soil in this region. 
3.2.1: RESULTS AND DISCUSSION: 
The concentrations of "^ **U. "^"Th. ""V. radium equivalent activity, absorbed dose rate, 
annual effective doses, hazard index, gamma index and alpha index in soil samples 
collected from Dhanbad city (Jharkhand) are presented in Table 3.4 and 3.5. 
Table-3.4: '•'**U. ""'"Th and ""'K activity (Bq kg"-'), radium equivalent activity 
(Bq kg~') and absorbed dose rate (nGy h~^) in soil samples. 
Sample 
Number 
1 
Uranium 
"«U 
(Bqkg-i) 
44.46 
Thorium 
"^Th 
(Bqkg-i) 
66.99 
Potassium 
4 0 ^ 
(Bqkg-1) 
500.8 
Radium 
equivalent 
activity 
Rcieq 
(Bqkg- i ) 
178.81 
Absorbed 
dose rate 
(nGyh-») 
82.03 
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2 
t J 
4 
5 
6 
7 
8 
9 
Minimum 
Maximum 
Mean 
S. D. 
45.70 
43.23 
44.46 
46.93 
39.52 
46.93 
1 41.99 
43.23 
39.52 
46.93 
44.05 
2.39 
59.28 
60.90 
60.90 
58.46 
61.3! 
67.80 
60.10 
59.28 
58.46 
67.80 
61.67 
3.38 
594.7 
594.7 
532.1 
594.7 
532.1 
563.4 
626.0 
594.7 
500.8 
626.0 
570.4 
40.74 
176.26 
176.10 
172.52 
176,32 
168.16 
187.26 
176.12 
173.80 
168.16 
187.26 
176.15 
5.16 
81.90 
81.73 
79.70 
81.97 
77.64 
86.29 
81.98 
80.76 
77.64 
86.29 
81.56 
2.31 
From the above Table- 3.4, the values of "^**U activity ranges from 39.52 to 46.93 
Bq kg~^ with a mean value of 44.1 Bq kg~^ and a standard deviation of 2.39 whereas 
the values of "'"Th activity ranges from 58.46 to 67.80 Bq kg~^ with a mean value of 
61.67 Bq kg~^ The level of """"Th in Dhanbad city is 61.67 Bq kg~^. It is higher than 
world average value of 30 Bq kg"^ (UNSCEAR, 2000). The activity values of '"K 
ranges from 500.8 to 626 Bq kg"-' with a mean value of 570.36 Bq kg~^ The 
obtained mean activity concentration of'"V is 570.36 Bq kg~\ which is indeed more 
than the worldwide a\erage 400 Bq kg'"^ The activity of K is found higher than the 
acti\ ity of"'' U and "''Th in all soil samples. The results shown in Table 3.4 also 
indicate that the mean value of'^"K > '""Th > "^ **U. 
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Figure - 3.6: Bar diagram showing activity concentration of ~^ ^U, ^^ T^h and ''^ K in 
different samples. 
The value of /?agq in soil samples varies from 168.16 to 187.26 Bq kg ^ with a mean 
value of 176.15 Bq kg~^ and a standard deviation of 5.16. The radium equivalent 
activity in soil samples lower than the 370 Bq kg~^ limits set by OECD (OECD, 
1979). The absorbed dose rate ranges from 77.64 to 86.29 nGy h~^ with a mean value 
of 81.56 nGy h~^ and a standard deviation of 2.31. The absorbed dose rate values 
calculated for each sample is shown in Table 3.4. All values of absorbed dose rate are 
higher than the world average value i.e., 55 nGyh"^ (UNSCEAR, 1993). As seen in 
figure 3.6, the value of absorbed dose rate varies due to uranium, thorium and 
potassium value. 
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•rable-3.5: Annual effective doses indoor and outdoor (mSvyr"-*^), external hazard 
index (Hg^). internal hazard index (H,„), gamma index (Z )^ and alpha index (/„) in 
soil samples. 
Sample 
Number 
1 
2 
-> 
4 
5 
6 
7 
8 
9 
Minimum 
Maximum 
Mean 
S. D. 
Annual effective doses 
Indoor 
(mSvyr"^) 
0.40 
0.40 
0.40 
0.39 
0.40 
0.38 
0.42 
0.40 
0.39 
0.38 
0.42 
0.39 
0.01 
Outdoor 
(mSvyr"^) 
0.10 
0.10 
0.10 
0.09 
0.10 
0.10 
O.ll 
0.10 
0.09 
0.09 
0.11 
0.10 
0.006 
Hazard indices 
External 
(He,) 
0.48 
0.48 
0,48 
0.47 
0.48 
0.46 
0.51 
0.48 
0.47 
0.46 
0.51 
0.48 
0.01 
Internal 
(w,-„) 
0.60 
0.60 
0.59 
0.59 
0.60 
0.56 
0.63 
0.59 
0.58 
0.56 
0.63 
0.59 
0.02 
Gamma 
index 
0.65 
0.64 
0.64 
0.63 
0.65 
0.62 
0.69 
0.65 
0.64 
0.62 
0.69 
0.65 
0.02 
Alpha 
index 
Ua) 
0.22 
0.23 
0.22 
0.22 
0.23 
0.20 
0.23 
0.21 
0.22 
0.20 
0.23 
0.22 
0.01 
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Table 3.5 shows that the annual indoor effective dose rates in soil samples is found to 
vary from 0.38 to 0.42 mSvyr"^ with an average value of 0.39 mSvyr"^ and a 
standard deviation of 0.01, while the annual outdoor effective dose rate is found to 
vary from 0.09 to O.ll mSvyr"^ with an average value of 0.098 mSvyr"^ and a 
standard deviation of 0.006, this average value of outdoor annual effective dose is 
higher to the worldwide average value of 0.07 mSvyr"^ (UNSCEAR, 2000). The 
calculated values of Hg^ ranged from 0.46 to 0.51 with a mean value of 0.48 and a 
standard deviation of 0.01 whereas the calculated values of//i„ ranged from 0.56 to 
0.63 with a mean value of 0.59 and a standard deviation of 0.02. The values of 
external and internal hazard indices in the present study is less than unity, indicating 
that the soil from this city is safe and can be used as a construction material without 
posing any significant harmful effects to the inhabitants. 
I Hex IHin 
0.63 
0.59 0.58 
Figure -3.7: Comparison of external (Hg^) and internal (//,„) radiation hazard 
indices. 
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A comparison of measured values of internal and external radiation hazard indices for 
each sampling site is shown in figure 3.7. A value of 0.5 or less for ly corresponds to 
an respectively in the sample effective dose equivalent rate of > 0.3 mSvyr"^. while 
a value of 1 or less for ly corresponds to a dose rate of 1.0 ?nSvyr~\ The gamma 
index varies from 0.62 to 0.69 with a mean value of 0.65 and a standard deviation of 
0.02. All the value of gamma inde.x is below the limit of 1. Hence the value of annual 
effective dose rate due to the soil sample is less than 1 mSvyi""^ 
The recommended upper level for '^^{J is 200 Bq kg"^ suggested by the hiteniational 
Commission on Radiological Protection (lCRP-65, 1994). The alpha index ranges 
from 0.20 to 0.23 with a mean value of 0.22 and a standard deviation of 0.01. As 
indicated in Table 3.5. the value of alpha index is found less than the maximum 
permissible value of 1. The obtained results are comparable to the worldwide average 
concentration (Table 3.6). 
Table- 3.6: Comparison of natural radioactivity with other studies of worldwide. 
Sample 
Number 
1 
2 
4 
238^ 
(Bqkg-1) 
75.99 
92.53 
49.97 
28.2 
(Bqkg-i) 
106.32 
66.04 
57.17 
31.8 
4 0 ^ 
(Bqkg-i) 
979.6 
502.43 
89.82 
840.7 
Reference 
Ramolaetal.. 2008 
Sahooetal., 2010 
Balogunaetal., 2003 
Shagjjamba and Zuzaan, 
2006 
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, - - : : .0 
'TWi" 
5 
6 
7 
8 
9 
10 
11 
12 
12.16 
15.93 
-1 ^ 
42 
54.5 
40.3 
35 
44.05 
6.3 
45.73 
32 
36 
91.1 
59.6 
30 
61.67 
432.84 
188.3 
255 
496 
286.5 
751.2 
400 
570.36 
Srooretal., 2001 
Senlhikiimaret al., 2010 
Sahin and Mustafa, 2008 
Psichoudaki and 
Papefthymiou, 2008 
Ajayi. 2009 
Xinweietal., 2011 
UNSCEAR. 2000 
Present study 
In order to determine the existing ratio between the activity concentrations of three 
natural radionuclides in soil samples, correlations between them were drawn, f-'igure 
3.8 (a-c) represents correlations between the activity concentration of" U and " 'Th, 
'"" U and "K and -'"Th and "^"K, respectively, using the regression technique. In Figure 
3.8 (a) case, the regression (R") is found linear and negative. In figure 3.8 (b) case, the 
regression is found linear and no correlation and in figure 3.8 (c) case, the regression 
is found negative correlation. Hence values of uranium concentrations are not 
signifcant from exploration point of view. 
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Figure- 3.8 (c): '"'K Concentration versus "Th Concentration 
3.2.2: CONCLUSIONS: 
The study has been carried out in the Dhanbad city, Jharkhand. The mean activity 
values of'^^U, '^ "Th and ^\ are 44.05, 61.67 and 570.36 Bq k g - \ respectively. 
Average value of radium equivalent activity is 176.15 Bqkg"^, which is below the 
recommended value of 370 Bq kg~^. The mean value of air absorbed gamma 
radiation dose rate is 81.56 nGyh~^ which generates annual effective radiation dose 
of 0.39 mSv. This is much below the limit of I mSv yr~^ recommended by the ICRP 
for the general population. Internal and external radiation indices are also found 
below the upper recommended limit of unity. The mean value of gamma index is 
obtained below the limit of 1. The values obtained for /^ ^ are also below the maximum 
permissible value of/„ = 1. On the basis of our results, we concluded that the soil of 
the study area does not pose any radiological health hazard to the public. 
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}3: MEASUREMENTS OF NATURAL RADIOACTIVITY IN 
ROCK SAMPLES OF JHARKHAND STATE IN INDIA 
3.3.1: MATERIALS AND METHODS: 
111 llie present study, the rock samples were collected from the earth surface, these 
rock samples is used for dwelling construction. The samples have been crushed into a 
line powder and sieved through a 100 /^ m mesh sieve. About 500 gm of the samples 
were sealed in a Can of 500 ml capacity to allow uniform distribution of ""^ Rn and 
""Rn decay products. These sample containers were stored for a period of one month 
before gamma spectrometric analysis, so as to allow the establishment of secular 
equilibrium between '""Ra. " "Th and their decay products (Shanbhag et al., 2005). 
The radionuclides "'*'Ra, ""'"Th and """K were measured in soil samples using a gamma 
ray spectrometer. Gamma ray spectrometer with Nai(TI) scintillation detector set-up 
was used in Hemwati Nandan Bahuguna Garhvval University, Srinagar (Garhwal). 
fhis technique has been discussed and shown in figure 2.8. The prepared rock 
samples were placed in a shielded gamma ray spectrometry unit for a counting time of 
3 hours. 'i"he measurement of natural radionuclides in rock samples was carried out 
using a Nal(ri) gamma radiation detector of size 63 mm x 63 mm with a 
multichannel analyzer. The activity of K was evaluated from the 1460 keV photo 
peak; the activity of ""''Ra from the 1764 keV gamma line of"' Bi; and '"'"Th from the 
2610 keV gamma line of ~"^ Ti. This spectral analysis was performed with the aid of 
computer software SPTR-ATC (AT-1315). The peak energies of the gamma spectra 
were measured in reference to the 661 keV photopeak of Cs. The activity 
concentrations of these rock samples were calculated from the intensity of each line in 
the spectrum, taking into account the mass, the geometry of the samples, the counting 
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time and the erficiency of the detector. The detection limits of different radionuclides 
are presented in table 3.7. 
rable-3.7: Minimum detection limits for a 500 gm sample and counting time of 
10800s. 
1 
S. No. 
1 
2 
3 
Radionuclide 
^^ "Ra 
^^ T^h 
.0^ 
Energy 
(keV) 
1764 
2610 
1460 
Minimum 
detection level 
(Bq kg-i) 
3 
3 
30 
3.3.2: RESULTS AND DISCUSSION: 
(iamma ray spectrometry has been used to determine the radioactivity concentrations 
""''Ra, "•''Th and ""'K in the rock samples of Dhanbad city, Jharkhand (India) are 
shown in table 3.8. Hquations (3.1 - 3.8) have been used. High value of " 'Ra was 
TIT 
found in sample number 1 and high value of" "Th was found in sample number 5 
whereas high value of *^ K was found in sample number 4. The values of thorium 
(sample number 5) and potassium (sample number 4) was found quite higher than the 
reported values of UNSCEAR 2000. which are 35 Bq kg'^ and 400 Bqkg ' ' , 
rospectivel). The radium equivalent activity, indoor effective dose and outdoor 
effective dose is found to vary from 39.8 to 67.8 Bq kg~\ 0.18 to 0.26 rnSvyr"^ and 
0.05 to 0.07 ?nSvyr~\ respectively. These values are below the permissible limits, 
fhe values of external and internal hazard inde.x are varying from 0.11 to 0.18 and 
0.047 to 0.19. respectively. The values of external hazard index and internal hazard 
index are found less than unity. On the basis of the radium equivalent activity, the 
representative level index, the indoor absorbed dose rate and the annual effective 
93 
•T3 
y. 
'J 
C3 
O 
> 
1 "E >< ^ 
£ ^ s' .5 
^ •^ '~ 
s !- S; >< 
- ^ 1 s 
O ^ ^ 
O .1 a> > 
^ a-
CQ 
03 
CO 
02 
d 
Z 
o 
o 
o 
IT) 
o 
d 
00 
d 
ON 
00 
q 
— 
d 
ON 
d 
00 
d 
q 
d 
(N 
d 
00 
00 
ON 
Q 
CQ 
(N 
ON 
d 
q 
d 
r<-> 
d 
q 
d 
o 
(N 
d 
NO 
en 
NO 
Q 
ro 
d 
NO 
d 
d 
NO 
o 
d 
d 
00 
d 
o^  
NO 
IT) 
Q 
CQ 
• * 
ON 
d 
d 
d 
o 
d 
o 
d 
00 
NO 
00 
00 
NO 
ON 
rn 
en 
m 
rn 
'jn 
o 
Q 
CQ 
dose, all the rock samples do not pose any significant source of radiation hazard and 
the use of the rock samples in construction of dwellings is considered to be safe for 
inhabitants. 
3.4: MEASUREMENTS OF NATURAL RADIOACTIVITY IN ROCK 
SAMPLES COLLECTED FROM LALITPUR, INDIA USING CAMMA-
RAY SPECTROMETER 
Lalitpur district lies between latitude 24° 11' and 25° 14' (north) and longitude 78° 10' 
and 79° 0' (east) and is bounded by district Jhansi in the north, districts Sagar and 
I ikanigarh of Madhya Pradesh state in the east and Guna district of IVladhya Pradesh 
separated by river Betwa in the west. It has an average elevation of 428 meters 
(1404 feet). (Jeologically, Lalitpur is an interesting district as it comprises the rocks 
\arying in age from 50 to 3000 million years, it is also rich in Platinum, gold, 
diamond and granite. The district had a population of 977,447 as per the census of 
\car 2001. The climate of the district is the central India type sub-tropical and may be 
characterized by a very hot dry summer and cold winter. The day temperature is the 
highest during May/June which falls steeply with the onset of monsoon in mid-June 
or Jul}. It rises again around September and goes a little higher during October. Then 
with the beginning of winter, the temperature falls and becomes minimal in January. 
3.4.1: RESULTS AND DISCUSSION: 
fable 3.9 presents the activity concentrations of rock samples obtained by gamma ra\' 
spectrometry. Activity of ""Ra, ""''Th and "'"K is reported throughout this paper in 
Bq kg~\ The activity of ""Ra was found to be in the range BDL to 65.25 Bqkg"^ 
while for "^ "Th it is in the range of BDL to 4.06 Bq kg~^ On the other hand, the 
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activity of 'K is found to be in tlie range of BDL to 550.24 Bq kg~^. These results 
showed tliat the activity concentrations of'"*'Ra (Sample number 5) and "K (sample 
number 1) are higher only than the world average crustal values of 35 and 400 
Bq kg~^ for "''Ra and ""'K, respectively as reported in the UNSCEAR latest report 
(UNSCEAR, 2000) for the safe use of building materials. Hence, the use of rock 
samples in construction of dwellings is safe. 
The radium equivalent activity, absorbed dose, indoor effective dose, outdoor 
effective dose, external hazard inde.x, internal hazard index and gamma index vary 
liom 4.02 to 71.1 Bq kg-^ 2.19 to 32.6 nGy h " \ 0.01 to 0.26 mSvyr-\ 0.003 to 0.04 
inSvyv-\ 0.01 to 0.19, 0.01 to 0.37, and 0.02 to 0.24, respectively. The radiological 
effects of rock samples were examined through the estimation of various radiation 
hazard indices and the annual effective dose. The values obtained fall below the limits 
of these indices. It can therefore be concluded that the rock samples do not pose any 
serious radiolouical hazard to humans. 
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CHAPTER-4 
MEASUREMENT OF RADIUM CONTENT 
AND RADON EXHALATION RATES IN 
SOIL AND SAND 
4.1: RADIUM STUDIES IN SAND SAMPLES COLLECTED FROM SEA 
COAST OF TIRUR, KERALA, INDIA USING LRUS PLASTIC 
TIMCK DETECTORS 
4.L1: INTRODUCTION: 
During the last decade, there has been an increasing interest in the study of radium 
activity in various building materials. Since radium is a highly radioactive chemical 
clement and it is the most important source of radioactivity in the coastal areas. 
Radium is a solid radioactive element under ordinary conditions of temperature and 
pressure (Singh et al.. 2009). Radium is chemically analogous to calcium, and is 
absorbed from soil b\ plants and passed up the food chain to humans. Microscopic 
quantities of radium in the environment can lead to some accumulation of radium in 
bone tissue whereby it degrades bone marrow and can mutate bone cells. Ingestion or 
body exposure to radium causes serious health effects which included sores, anemia, 
bone cancer and other disorders (Mahur et al., 2008a). 
"^ "•'Ra is a product of "''^ U decay series. Emitted energy from the decay of radium 
causes vexed on the skin and produces many other detrimental effects. Radium is a 
naturally occurring radioactive metal moreover it is present in soil, sand, rock, water, 
plants and animals. Sand is used as a construction material in buildings. Higher values 
of radium in sand contribute significantly in the enhancement of indoor radon in 
dwellings (Mahur et al., 2008a). It has been estimated that each square kilometer of 
the earth surface (to a depth of 40 cm) contains 1 gram of radium (Kotlyarov et al., 
1997). Radium is one million times more radioactive than the same mass of uranium, 
lis decay occurs in at least seven stages, the following main products were called 
radium emanation recognized as radon. Radon is a heavy gas and the later products 
arc solids. These products are themselves radioactive in nature. Proper knowledge of 
radioactive contents in construction materials is important since it allows calculating 
the exposure of the population to radiation from natural sources. 
Human beings have always been exposed throughout their period of existence to 
naturally occurring radon. Radon is a cancer-leading radioactive gas and it also acts as 
a dominant contributor among natural radiation sources for the general population in 
High Background Radiation Area (HBRA). Radioactive nuclei emit energy in the 
form of radiation in an attempt to become stable. It has been observed that everyone is 
ai some levels of exposure due to radiation. In fact, people spend 80% of their time 
indoor and inhalation of radon and its decay products particularly ''^Po and "''^ Po 
attached to aerosols contribute a significant radiation hazard to human lungs (Khan et 
al.. 2011a). 
The major fraction of internal dose received by the human beings is due to the 
inhalation of radioactive gas radon (~*^ Rn) and its decay products. They are 
responsible for about 60% of the effective dose received by general population 
(IINSCEAR, 1993). The sea coast of Kerala contains the world's highest levels of 
natural radioactivity in a densely populated area (Forster et al., 2002). The radioactive 
component of Kerala beach sand is monazite which contains thorium (8-10%, highest 
in the world) and its radioactive daughter products (Das, 2010). The study was carried 
out for residents of Kerala. The radioactive strip measures an area of only 0.19 km. 
but supports a population of several thousand, where traditional occupation is fishing 
(Ciruneberg et al„ 1966). The biologically effective radiation dose received by the 
coastal population is 10000-12000 |.iSv peryear. The residents are exposed to a 
naturally occurring radiation dose ten times higher than the world wide average 
(I'orster, 2002). Sand is commonly used as a building material for the construction of 
v\alls by mixing with cement and also in the manufacturing of concrete. 
I ilanium dioxide is made from beach sand. It is widely used to provide whiteness and 
opacity to products such as paints, plastics, paper, inks, foods and toothpastes. Nano-
particle sized titanium dioxide is also used in cosmetic and skin care products, which 
can penetrate the body and reach internal organs, has been criticized (Howard et al.. 
2009). Titanium dioxide dust, when inhaled, has recently been classified as 
carcinogenic to humans by the International Agency for Research on Cancer (lARC, 
2006). For example, titanium dioxide production workers may be exposed to high 
dust concentrations during packing, milling, site cleaning and maintenance, if there 
arc insufficient dust control measures in place. 
In the light of the above facts the measurement of radon exhalation rate in the coastal 
area is great importance for environmental and safety assessment. 
4.1.2: DESCRIPTION OF STUDY AREA: 
The distance of Tirur beach is 0.19 km (185.61 meters). The study area lies between 
I0"53'23.90" north latitude and 75°53'18.35" east longitude. It has an average 
ele\ation of 2 metres. The map of the studied area is shown in Figure -4.1. 
Cicographically, the climatic is generally hot and humid. The district has more or less 
the same climatic conditions prevalent elsewhere the state, viz. Dry season from 
December to Februar\'. hot season from March to May, the Southwest Monsoon from 
•lune to September and the North East Monsoon from October to November. 
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Figure-4.1: Untitled placemark showing the location of the studied area in the 
Satellite image. 
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The South West Monsoon is usually very heavy and nearly 75% of the annual rains 
are received during this season. The average annual rainfall is 2900 mm; the range of 
temperature varies between 30°C and 20°C. This area is rich in mineral resources. 
iTsherics and forestry. About 50% of the state's population depends upon agriculture. 
The alluvial beds in the area is represented by water and deposit brought through by 
the many west llowing rivers. 
4.1.3: MATERIALS AND METHODS: 
In the present study, track etch technique has been used with LR-1 15 type II plastic 
track detector. '"Sealed Can Technique" used for the measurement of radon exhalation 
rate and effective radium content in sand samples collected from the sea coast 
(linniyai beach) of Tirur of Malappuram district of Kerala state (India). The 
experimental arrangement is discussed and shown in figure 2.5. Nineteen beach sand 
samples have been collected in new and transparent polyethylene bags by using grab 
sampling method along the coast with an average width ranging from 0.1 to 0.19 km. 
The collected samples were dried in an oven for about 12 hours at I50°C, to remove 
moisture. Every dried sample 0.10 kg was weighted and placed in the bottom of the 
plastic Cans and the geometry of this Can is 7 cm diameter and 7.5 cm height. The 
detector is fixed inside the cover of the Can with the help of transparent adhesive tape, 
in such a way as to allow the coated side of the detector to face the sand sample, the 
size of the LR-115 type II plastic track detector is 1.5 x 1.5 cm. The Cans are sealed 
tightly for a period of 90 days in order to get equilibrium. Thus the coated side of the 
detectors were exposed independently to the alpha particles from the decay of radon 
in diffusion process in the empty part of the Can and from Po'"* and Po •* deposited 
on the inner walls of the Can (Sonkavvade et al., 2008). Once the radioactive 
equilibrium is over, the detectors were etched in 2.5 N NaOH solution at 60°C for a 
period of 1 hour and 30 minutes in a constant temperature water bath used for 
visualization of tracks. The detectors were washed and dried for ten minutes. The 
etching process removes a bulk thickness of 4 fim remaining a residual detector 
thickness of 8 ^im (Happen and Mayya, 2004). The tracks were observed and counted 
b_\ using microscope with a magnification of lOOx. The analysis follows the method 
reported previously (Mahur et al., 2008a). The track density and radon activity was 
obtained through calibration factor of 0.02 tracks cm"" d"' (Bq m""^ ) (Happen and 
Mayya, 2004). 
Once the radioactive equilibrium is over after closing the Can the activity 
concentration of radon begins to increase with time T (Mahur et al., 2008a). 
According to the relation 
CRH = CR„(1 - exp(-^ft„T)) (4.1) 
where, Cj^a is the effective radium content of the sample, A is the decay constant for 
Radon. The track detector efficiency depends on the radius and height of the used Can 
(Mahur etal.,2008a). 
The radium concentration was calculated by using this formula 
phA , , 
where, p is track density (track/cm"), h is distance between the detectors and top of 
the sample in cm. A is surface area of the sample in cm^ K is the sensitivity factor 
(0.02 tracks cnT" d"' per Bq m"^). Te is the effective exposure time: 
Te = [T-A«,Kl-e-^«nT)] (4.3) 
Hxhalalion rates in terms of surface (area) and mass were occurred from the following 
equation which was earlier used by various researchers (Joga et al., 2009, Sonkawade 
etal., 2008, Stoulosetal.. 2003). 
Surface exhalation rate. 
Mass exhalation rate, 
n//i 
EM(Bqkg-'h-) = ^ ^ ^ ^ ^ , . ^ ^ . „ _ m (4.5) 
where. C is radon exposure (Bq m""' h), V is volume of the Can (m ), A is the decay 
constant for radon (h"'), A is the area covered by the Can or surface area of sample 
{m'), M is the mass of the sample in Can. 
4.1.4: RESULTS AND DISCUSSION: 
Fable 4.1 represents the values of effective radium content of sand samples collected 
from the sea coast of Tirur (Unniyal beach) of Malappuram district of Kerala state 
(India). 
Table-4.1: Values of effective radium content in sand samples collected from the 
study area 
S. No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
, . -
Sample code 
Beach-15 
Beach-16 
Beach-8 
Beach-17 
Beach-14 
Beach-3 
Beach-11 
Beach-12 
Beach-2 
Beach-7 
Beach-1 
Beach-4 
Beach-6 
Beach-5 
Beach-19 
Beach-13 
Beach-18 
Effective Radium content 
C^a (Bq kg-i) 
45.6 
54.8 
75.7 
82.1 
84.0 
89.3 
94.0 
101.3 
102.1 
103.0 
109.4 
110.3 
113.0 
120.3 
134.2 
135.1 
139.6 
18 
19 
Beach-9 
Beach-10 
Average Value 
Standard deviation 
F<lel.std.% 
206.0 
226.1 
111.9 
44.4 
39.7 
The value of radium concentration ranges from 45.6 to 226.1 Bq kg~^ with an average 
of I II.9 Bqkg"^ and a standard deviation 44.4. These values are higher than the 
values found by (Singh et al., 2009; Turhan et al., 2008) while are lower than those 
reported in the sand of Chhatrapur beach, Orissa and Brazilian beach (Mahur et al.. 
2()()8a; Veiga et al.. 2006). As the sand is the basic ingredient used in construction 
materials in India. By mixing it with cement, sand is commonly used as a building 
material for llred clay and f1y ash bricks for the construction of walls and also as a 
plastering material. The deposit comprise of pure white quartz sands, dirty white silt, 
silt) sand, grey to dark grey sands, redtery sands made up of fine to medium grained 
sands uith ilimonate, monazite, rutile, zircon, leycoxene (brown ilmenite), sillimanite 
and garnet. There are similar natural radiation area in southern China, Iran and Brazil, 
but the Kerala coast in southern India is believed to be the only high radioactivity 
region with a high population density (Forster et al., 2002). it is clear from the table 
that all samples having radium content less than 370 Bq kg~^ are advisable to be used 
in construction of dwellings (OECD. 1979). Thus, results reveal that the area is safe 
and not a concern for radium hazard effects. 
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Table-4.2: Radium content of building materials from India and other countries 
Material 
Brick 
Country 
Norway 
UK 
USSR 
W. Germany 
Finland 
Average activity content of ^ '^'Ra 
(Bq kg-i) 
104.0 
52.0 
55.5 
59.0 
778.0 
India 48.1 
Cement Norway 
UK 
USSR 
W. German) 
Finland 
India 
30.0 
22.0 
25.9 
25.9 
44.4 
86.0 
Granite USSR 
W. Germany 
UK 
India 
14.8 
104.0 
89.0 
30.0 
Sand (Gravel) 
Present study 
UK 
Finland 
India 
7.4 
37.0 
.9 
13 
4.2: THE STUDY OF RADON EXHALATION RATE FROM SAND SAMPLES 
COLLECTED FROM THE HIGH BACKGROUND RADIATION AREA 
AT UNNIYAL BEACH PLACER DEPOSIT OF KERALA, INDIA USING 
PLASTIC TRACK DETECTORS 
In the present study, track etch technique have used with LR-115 type II plastic track 
detector. The tracks were observed and counted by using microscope with a 
magnitlcation of 400x. 
4.2.L- RESULTS AND DISCUSSION: 
In this experiment, sand samples were collected from the sea coast (Unniyal beach) of 
Tirur of Malappuram district of Kerala state (India). Results of radon activity and 
radon exhalation rates of sand samples are revealed in Table 4.3. The values of radon 
activity vary from 444.44 to 2204.44 Bq m""* with a geometric mean value of 1017.2 i 
Bq m"-^  and a standard deviation of 433.27. The value of mass exhalation rate for 
radon varies from 0.01 to 0.05 Bqkg'^h"^ with a geometric mean value of 0.024 
Bq kg~^h~^ and a standard deviation 0,01 while the surface exhalation rate for radon 
varies from 0.27 to 1.33 Bq m~^ h~-^  with a geometric mean value of 0.62 Bq m'''^h"^ 
and a standard deviation 0.26, 
'I'lible- 4.3: Results of radon activity and radon exhalation rate in collected sand 
samples. 
S. No. 
Radon activity 
(Bqm-^) 
444^44 
Surface exhalation 
rate 
EA(Bqm-2h-i) 
027 
Mass exhalation 
rate 
EM(Bqkg-ih~i) 
0.010 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 ' 
19 
Mean 
CJcomctric Mean 
Slandard 
Deviation 
533.33 
737.78 
800.00 
817.78 
871.11 
915.56 
986.67 
995.56 
1004.44 
1066.67 
1075.56 
1102.22 
1173.33 
1306.67 
1315.56 
1360.0 
2008.89 
2204.44 
1090.53 
1017.21 
433.27 
0.32 
0.45 
0.48 
0.49 
0.53 
0.56 
0.60 
0.60 
0.61 
0.65 
0.65 
0.67 
0.71 
0.79 
0.79 
0.82 
1.21 
1.33 
0.66 
0,62 
0.26 
0.012 
0.017 
0.019 
0.019 
0.020 
0.021 
0.023 
0.023 
0.023 
0.025 
0.025 
0.026 
0.027 
0.030 
0.031 
0.032 
0.047 
0.051 
0.025 
0.024 
0.010 
Mosl of these values are on the higher side. One reason for higher levels of radiation 
in this area may be due to the fact that the coastal region of Kerala in India is thorium 
rich (Das. 2010). The higher values in the beach sand samples may be attributed to the 
presence of radiogenic heavy-minerals in these samples. The heavy mineral 
assemblage includes opaques, hornblende, tremolite-actinolite. hypersthene, 
clinopyroxene, zircon, monazite. garnet, sillimanite, epidote, stayrolite, apatite, 
charnockites, khondalites. granite gneisses, pegmatites or retrograde charnockites are 
present in the samples in different order of abundance (Mallik et al.. 2003). The 
percent of each heavy mineral varies from location to location. The radioactive 
component of Kerala beach sand is monazite, which contains thorium (8-10% highest 
in the world) and its radioactive daughter products (Das, 2012). The relative humidity 
of Kerala state varies from June to December about 63-82%, respectively. The 
temperature in Kerala normally ranges from 28° to 32°C (82° to 90°F) on the plains 
but drops to about 20°C (68°F) in the highlands. Kerala receives copious rain (average 
3000 mm a year) each year. Kerala coastal area also suffers tsunami by the Indian 
Ocean (Sheth et al., 2006). The study was carried out for residents of Kerala. The 
residents are exposed to a naturally occurring radiation dose ten times higher than the 
worldwide average (Forster, 2002). There are similar natural radiation area in 
southern China. Iran and Brazil, but the Kerala coast in southern India is believed to 
be the only high radioactivity region with a high population density (Forster, 2002). It 
was observed that the maximum number of all sand samples is having an activity of 
radon between 444.44 Bq m~^  to 2204 Bq m"^ It is also seen from the table 4.3 that 
all sand samples have radon exhalation rate higher than the global value of radon 
exhalation rate from building materials is in the range of 0.02-0.05 Bq m~^h~^ 
(lCRP-65. 1994). These values of radon activity and radon surface exhalation rate are 
lower than the values found for Orissa beach sand (Kumar et al., 2008), Hence, the 
sand sample may not advisable to be used in construction of dwellings. 
4.2.2: CONCLUSIONS: 
The radon exhalation rate measured using the "Sealed Can Technique" from 19 sand 
samples. It is seen from the results that the radon exhalation rates in sand samples 
vary appreciably from one sample to another. The values of radon exhalation rate is 
found quite higher than the global value of 0.02 - 0.05 Bq m'^h-^ (ICRP-65. 1994). 
This may be that Coastal region in Kerala has radiogenic heavy minerals and 
relatively high terrestrial gamma radiation levels. The contribution of sand to the 
natural radiation exposure may be significant. However, the values of effective 
radium content was found to be in the range of 45.6 to 226.1 Bq kg~^ of samples 
which is less than the permissible value of 370 Bq kg~\ Thus, results reveal that the 
radium contents in sand samples are below the level specified by OECD. Therefore, 
these sand samples are safe in the construction of dwellings. 
4.3: MEASUREMENT OF RADIUM CONCENTRATION AND RADON 
EXHALATION RATES OF SOIL SAMPLES COLLECTED FROM 
SOME AREAS OF BULANDSHAHR DISTRICT, UTTAR PRADESH, 
INDIA USING PLASTIC TRACK DETECTORS 
4.3.1: GEOLOGY OF THE AREA: 
The Bulandshahr district is in Meerut region of Uttar Pradesh. This is situated 
between 28.4° south and 28.0° north latitude and between 77° and 78° longitude. The 
Ri\er Ganga is the east separates this District from Moradabad and Badaun district 
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and in the west river Yamuna separated it from Haryana state and Delhi. In the north 
of district is Ghaziabad and in south east are the borders of Aiigarh district. 
Meerut is the 16* largest metropolitan city in India and the 25* largest city in India 
(India's national census of 2001). Meerut is also the fastest developing city of Uttar 
Pradesh after Noida and Ghaziabad. Meerut district is the part of upper Ganga 
Yamuna Doaab, which lies 28° 47' and 29° 18' in north direction and 77° 7' and 78° 7' 
in east direction. In shape, it is roughly rectangular. Study area shown in figure 4.2 
The study area is a part of Indo-Gangetic plain, which has been formed by collision of 
Indian & Asian plate (continent-continent collision). The study area falls in the 
Ganga-Yamuna Doaab which is a part of the central Ganga plain, where quaternary 
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Figure-4.2: The map showing the study area 
sediments comprise sands of various grades, silt and clay often intercalated with 
calcareous concentrations in varying proportions. The aquifers are generally lenticular 
in nature and there are rapid alternation and gradations between granular and clayey 
horizons. The near surface groundwater occurs under unconfined while deeper 
aquifers generally contain water under semi-confmed to confined conditions. The 
district is 237.44 meters above sea level. The climate of the area is extremely cold in 
winter and ver\ hot in summer. The area falls under sub-tropical climate zone where 
during summer the temperature often rises to 45°C while during winter it touches 4°C . 
The average relative humidity ranges from 32 to 82%. The monsoon usually breaks in 
the last week of .lune every year causing heaviest rain during July and August, 
average annual rainfall of this region is 618.97 mm (Abbasi, 1990). This region has 
plain landscape, vast forest, agricultural land and very fertile, alluvial soils produced 
b_\ the silt brought through by numerous rivers (3). Three types of soils have been 
found which arc as follows 1. Sandy loam 2. Sandy loam to loam 3. Loam to clay 
loam. 
4.3.2: MATERIALS AND METHODS: 
1 went} two soil samples were collected from different places of industrial area of 
Bulandshahr, Hapur and Meerut districts of Uttar Pradesh (India) by grab sampling 
method. In the present work "Sealed Can Technique" has been used by using LR-115 
i\pe [l plastic track detectors (figure 2.5). Experiment has been performed in the 
month of summer. The tracks were observed and counted by using microscope with a 
magnification of 400x. The track density and radon activity was obtained through 
Cc ,-2^-1 rv^r^-3 ;alibration factor of 0.056 tracks cm"" d" (Bq m ) (Singh et al., 1997). The details of 
the method are the same as reported earlier (Khan et al., 2011b). The radium 
concentration and radon exhalation rate was found by using the equation 4.1, 4.2, 4.3, 
4.4 and 4.5. 
4.3.3: RESULTS AND DISCUSSION: 
I'hc values of radon exhalation rate in terms of surface and mass and radium 
concentration in soil samples from industrial areas of Bulandshahr, Hapur and Meerut 
districts of Uttar Pradesh, India, are depicted in Table 4.4. 
Table-4.4: Values of radium concentration and radon exhalation rate in soil sample. 
S. 
No. 
3 
'J 
T 
y 
Radon exhalation rates 
Sample code 
Soi 
Soi 
Soi 
Soi 
Soi 
Soi 
-2 
1-3 
-4 
So il-7 
Soi 
Soi 
Surface 
exhalation rate E^^ 
(Bqm-^h-^) 
X 10^3 
518.15 
633.29 ~ 
642.89 
79834 
479.76 
498.96 
6iX49 
573.64 
438.64 
Mass exhalation 
rate Eivi 
(Bqkg-ih-i) 
X 10-3 
19^ 9 
243 
24?7 
307 
184 
\92 
216 
22J 
16^ 8 
Radium 
concentration 
(Bqkg-1) 
I27l 
14~8 
15.1 
18.7 
1.8 
14.4 
13.4 
10.3 
120 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
Soil-10 
Soil-1! 
Soil-12 
Soil-13 
Soil-14 
Soii-15 
Soil-16 
Soil-17 
Soil-18 
Soil-19 
Soil-20 
Soil-21 
Soil-22 
Minimum 
Maximum 
Mean 
S. D. 
546.21 
563.54 
655.28 
587.72 
678.77 
695.16 
394.12 
764.06 
457.87 
769.55 
620.27 
714.31 
572.28 
394.12 
798.34 
600.74 
110.35 
21.0 
21.6 
25.2 
22.6 
26.1 
26.7 
15.1 
29.4 
17.6 
29.6 
23.8 
27.5 
22.0 
15.1 
30.7 
23.1 
4.26 
12.7 
13.2 
15.4 
13.7 
15.9 
16.3 
9.2 
17.9 
10.7 
18.1 
14.5 
16.7 
13.4 
9.2 
18.7 
14.1 
2.59 
The soil of this area is commonly using in brick manufacturing. In the present 
investigation, the surface exhalation rate for radon ranges from 394.12 to 798.34 
mBq m"^h~^ with an average of 600.74 mBq ra~^h~^ and a standard deviation of 
110.35. The values of mass exhalation rate for radon ranges from 15.1 to 30.7 
mBqkg^^h"^ with an average of 23.1 mBq kg"^h"^ and a standard deviation of 
4.26. The values of radon exhalation rate in soil samples observed with safe limit and 
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higher than the global value of radon exhalation rate from soil is in the range of 0.02 -
0.05 Bq m '^^ h"-'^ . Northern part of India is having high geochemical distribution of 
l'"'^ as revealed by the radioactivity profile map of India (Sankaran et al., 1986). 
Radium concentration ranges from 9.2 to 18.7 Bq kg"-^  v^ ith an average of 14.1 
Bq kg~^ and a standard deviation 2.59. It is evident from the table 4.5 that the average 
\alues of radium concentrations and radon exhalation rates observed in soils of 
Bulandshahr district are comparable to those reported for other parts of India. The 
\alues of radium concentration in soil samples in the present study are less than the 
recommended action level 370 Bq kg~^ (OECD. 1979) and also lower than the 
average global value of 35 Bq kg"-*. The soil of this area is advisable to use in brick 
manuiacturing for building construction. 
Table-4.5: Comparison of the average radon exhalation rates and radium (Bq kg"^) 
in soil samples in different part in India 
s. 
No. 
1 
1 
-1 
Location 
Margherita 
1'hrust area 
Kangra (H. P) 
Villages of 
Haryana and 
Exhalation rates 
Surface 
exhalation 
Rate 
mBqm"^ 
362.0 
806.1 
524.9 
Mass 
exhalation 
rate 
mBq kg"^ 
10.9 
24.3 
12.8 
Radium 
(Bqkg-^) 
18.5 
14.8 
References 
Barooah et al.. 
2009 
Singh et al.. 
2007 
Singh etal., 
2009 
1 
122 
4 
5 
Himachal 
Pradesh States, 
India 
Aravali hills in 
India 
Jamtara district 
Present study 
540.0 
642.9 
600.7 
25.5 
18.9 
23.1 
15.7 
14.1 
Chauhan, 2011 
Singh et al., 
2010 
-
A positive correlation has been observed between radium concentration and surface 
exhalation rate in soil of the study area (Figure 4.3). 
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Figure-4.3: Correlation between radium concentration and surface exhalation rate 
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The correlation between the radium concentration and the radon emanation potential 
of the source material is required for radon risk. 
4.3.4: CONCLUSION: 
The average values of radium content in the study area are comparable to the global 
average value of radium in soil. The values are quite corresponding to the earlier 
measured values. The values of radon exhalation rate in soil samples of the study area 
are quite lower than the areas known for Uranium mineralization nevertheless is 
higher from the global value. Therefore the use of soil of this area in Brick 
mainiracluring for building construction is considered to be safe. Highest activity was 
found in soil number 4. These results reveal that radon gas is chemically unreactive 
with soil sample. Radium concentration was found with safe limit recommended by a 
group (.)f experts of the OECD. The results reveal that the area is safe from the health 
iia/.ard effects of radium and radon exhalation rate. Strong positive correlation has 
been found between radium content and surface exhalation rate. 
4.4: Measurements of radon exhalation rate in rock samples 
collected from Lalitpur, India 
In recent years rock has found diversified applications in construction materials, so it 
is important to find its emanation potential to estimate the radiation risk to the 
population irom radon exhalation rates. Radon activity and radon exhalation rate 
measured in rocks samples collected from Lalitpur city. U. P. (India) are presented in 
Table 4.6. The value of the radon activities was found to vary from 121.74 to 544.79 
Bqnr-^ with an average value of 300.18 Bqm~ .^ Surface exhalation rate has been 
found to vary from 73.59 to 329.06 mBqm""^ h~^ with an average value 184.49 
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niBqar^h"' whereas mass exhalation rate are found to be vary from 2.83 to 12.67 
niBqkg-^h"^ with an average value of 7.11 mBqkg"'^h~^ From Table 1, it is seen 
thai maximum value of surface exhalation rate and mass exhalation rate is found in 
sample number 6 whereas minimum value of surface and mass exhalation rate is 
found in sample number 2. One reason is that the Lalitpur district forms a portion of 
the hill country of Bundelkhand. sloping down from the outliers of the Vindhya 
Range on the south to the tributaries of the Yamuna River on the north. The extreme 
south is composed of parallel rows of long and narrow-ridged hills. Through the 
intervening valleys the rivers flow down over ledges of granite or quartz. However, 
the values of radon exhalation rate in soil samples observed with safe limit and higher 
than the global value of radon exhalation rate from soil is in the range of 0.02 - 0.05 
Btim-^h~'. 
Table 4.6: Radon activity and radon exhalation in rock samples from Lalitpur, 
(U.P.) India. 
S. No. 
1 
2 
3 
4 
5 
6 
7 
Radon activity 
(Bqm-3) 
403.77 
121.74 
436.24 
246.52 
285 
544.79 
238.41 
Surface exhalation 
rate 
(mBqm^^h"^) 
243.92 
73.59 
269.23 
141.02 
171.57 
329.06 
144.24 
Mass exhalation 
rate 
(mBqkg-^h-^) 
9.42 
2.83 
10.36 
5.42 
6.61 
12.67 
5.59 
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8 
9 
10 
Minimum 
Maximum 
Mean 
Standard 
deviation 
233.34 
204.93 
287.10 
121.74 
544.79 
300.18 
125.41 
141.18 
124.36 
173.08 
73.59 
329.06 
184.49 
88.63 
5.43 
4.78 
6.66 
2.83 
12.67 
7.11 
3.41 
A negative correlation (R^ = 0.0326) has been observed between surface exhalation 
rate and mass exhalation rate in rock samples of the study area (Figure 4.4). Hence, 
these rock samples do not pose radiation related risk. Therefore, rock samples are 
safe. 
350 
300 
250 
200 
150 
100 
50 
0 
y = -4.5774X + 206.3 
R' = 0.0326 
•^t—Surface exhalation rate 
U Mass exhalation rate 
Linear (Surface 
exhalation rate) 
1 2 3 4 5 6 7 8 9 10 
Figure 4.4: Correlation between surface exhalation rate and mass exhalation rate 
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4.5: Measurement of radon exhalation rates in soil samples using 
solid state nuclear track detectors 
The radon exhalation rates are measured for soil samples as reported in Table 4.7. 
These soil samples are usually used in construction in Dhanbad city of Jharkhand 
(India). Nine samples were collected from different sites of Dhanbad city. The radon 
activit} varies from 217.10 to 772.03 Bq m~^ with an average value of 457.88 
Bq m'-^ and a standard deviation of 184.35. It is noteworthy from Table 4.7 that the 
radon exhalation rates measured in terms of surface and mass of soil samples are 
found to vary from 131.19 to 466.51 mBqm~^h~^ with an average value of 276.69 
mHqm^'h"^ and 5.05 to 17.97 mBqkg~^h~^ with a mean value of 10.66 
mBqkg'^ h"-'^ . It is seen that the minimum value of surface exhalation rate is found in 
sample number I and maximum in sample number 9, However, the values of radon 
exhalation rate in soil samples observed with safe limit and corresponds to the global 
\aluc of radon exhalation rate from soil is in the range of 0.02 - 0.05 Bq m~^h~^. One 
reason is that Dhanbad is a coal mining and industrial city and one of the busiest 
commercial centres in India. It is the second largest city and urban agglomeration in 
.Iharkhand after .lamshedpur. It has 112 coal mines with a total produce of 27.5 
million tonnes and an annual income of 7000 million rupees through coal business. 
The city is also known for its power generation plants. Hydro Power is being 
generated at Maithon and Panchet. Tata Power and Damodar Valley Corporation 
(DVC) are setting up a 1050 MW thermal power plant at Maithon. ONGC also is 
using CBM (Coal beded methane) for power generation at some of the coal mines. 
ACC Cement factory and Projects & Development India Ltd. PDIL are situated there. 
Manv sponge iron factory, refractory and ceramic factory are in Dhanbad district. 
Also the soil of this region is laterite. The climatic condition prevailing in the district 
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is of a fairly copious rainfall and high temperature which leads to the formation of 
latcritic type of soil of the district. Such soils contain concentrations of iron, 
aluminium, manganese oxides, gibbsite, boehmite and diaspore and in minor amount 
of bauxite (Yamaguchi and Kosei et al. 2010). 
Table 4.7: Values of radium activity and radon exhalation rates in soil samples of 
Dhanbad city 
S. no. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
Detector 
code 
D-2 
D-5 
D-l 
D-8 
D-7 
D-9 
D-4 
D-6 
D-3 
Average 
SD 
Radon activity 
(Bq m-^) 
217.10 
231,31 
341 
391.60 
468.70 
493.05 
569 
637.11 
772.03 
457.88 
184.35 
1 
Surface 
exhalation rate 
CmBqm"^h~^) 
131.19 
139,77 
206.15 
236.63 
283.22 
297.93 
343.82 
384.97 
466.51 
276.69 
111.39 
Mass exhalation 
rate 
(mBqkg-^h-^) 
5.05 
5.39 
7.94 
9.11 
10.91 
11.49 
13.27 
14.83 
17.97 
10.66 
4.29 
A correlation coefficient (R~ = 0.9781) of surface exhalation rates of radon with mass 
exhalation rates of soils has been shown in Fig 4.5. it is seen that there is a positive 
correlation between them. 
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Figure 4.5: Correlation between surface exhalation rate and mass exhalation rate 
4.5.1: CONCLUSION: 
Mass exhalation rate and surface exhalation rates have been measured using LR-115 
plastic track detectors by the sealed can technique. The soil of the region is laterite 
type and contains iron, aluminium, manganese oxides, gibbsite, boehmite, diaspora 
and in minor amount of bauxite in varying proportions. The overall average of mass 
exhalation rate for the samples from the area under study is 10.66 mBqkg~^h~-^ and 
the average value for surface exhalation rate for radon in the soil samples is 276.69 
mBqm~^h~^. The overall average value of radon exhalation rate in the soil samples is 
safe and corresponds to the global value of radon exhalation rate from soil is in the 
range of 0.02 - 0.05 Bqm~^h~^. Therefore, it is concluded that the soil samples of 
this region is safe to use in construction. These samples do not produce radiation 
hazard to public. 
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CHAPTER - 5 
RADON AND ITS PROGENY 
MEASUREMENTS IN DWELLINGS 
5.1: ASSESSMENT OF INDOOR RADON, THORON AND THEIR DECAY 
PRODUCTS IN THE SURROUNDING AREAS OF FIROZABAD, 
UTTAR PRADESH, INDIA 
5.1.1: INTRODUCTION: 
Radon, thoron and its (a-emitting) decay products is naturally occurring in the 
environment in tiie form of ionizing radiation. It can affect radiation hazard although 
sources are concentrated in covered areas like caves, mines and poorly ventilated 
houses. These factors can give rise to radiation exposure in the environment if their 
concentration is very high either due to natural causes (high background radiation area 
(Kerala), rock phosphate deposit, uranium deposit, industrial radiation, uranium and 
coal thermal power plant etc) (Ramachandran et al.. 1986). These are unstable 
radioactive nuclei coming from the U' and Th"^ " radioactive decay series. Indoor 
radon, thoron and its decay products is assumed to be health hazardous for human. As 
these are inert gases therefore it can easily disperse into the environment as soon as it 
is released. About 90% of average radiation dose received by human from natural 
sources and about 50% is due to inhalation of radon, thoron and their progeny present 
in the dwellings (UNSCEAR, 2000). Soil is the main source of radon. In dwellings 
radon and thoron level enter through the cracks, sump, joints and water supply in the 
houses. In poorly ventilated spaces the radon concentration may reach levels of great 
concern (Khan et al., 2008). Radon, thoron and its decay products (^ "*Po and ''''Po) 
attach to aerosols and gets traped in the tracia bronchial system during inhalation 
ihereb}' irradiating the bronchial tissues. It constitutes a significant radiation hazard to 
human lungs and occurrence of lungs cancer (NRPB, 2000; Singh et al., 2006). 
Assumed exceptionall) high uranium and thorium ratio can cause of increased radon 
and thoron (Dwivedi et al., 2005). The radon and thoron concentration is highh' 
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inliomogeneous and is strongly dependent on the distance from the source (Nuccetelli 
and Bochicchio, 1998). 
Il is dependent on the ventilation rate because its decay constant (64 h" ) is much 
higher than normal ventilation rate (1 h" ) and the behavior of the radon progeny is 
similar to thoron progeny according to its half-life (Doi et al.. 1994). Radon and 
tht)ron comes from the two sources, namely; terrestrial and extraterrestrial radiation 
into the environment (A K Singh Ph. D Thesis, 1998). Such types of radiations which 
expose the effects of internal and external part of human body (UNSCEAR, 2000). 
Internal exposure occurs through the inhalation of radon gas and external exposure 
occurs through the emission of penetrating gamma radiation (Lee and Menezaes, 
2004). It is supposed that the health effect of inhabitants is negligible due to the 
inhalation of thoron and its progeny however; recent studies have shown that this may 
not be completely correct (Steinhauster et al., 1994). Several scientist and research 
fellows are engaged in the measurement of radon, thoron and its progeny by using 
L.R-I 15 type 11 plastic track detectors in the environment (Ramachandran et al.. 1986; 
Humaretal.. 1992; Toth et al., 1997; Singh et al., 2005; Alter, 1981; and Bajwa et al.. 
2009). 
I'irozabad city of Uttar Pradesh province in western part of India situated between 27° 
09' North latitude and 78° 25' East longitude (Fig. 5.1). The boundaries of Firozabad 
district touch Etah district in north. The height of Firozabad district above sea level is 
164 meters. In this city, many houses are very old which does not have proper 
ventilation and poorly constructed. The ground floor of such houses is directly 
constructed on the soil top with a coating of mud. It is important to know the levels of 
both radon and thoron progeny, and to evaluate the dose contribution from both of 
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them, particularly in industry area of Firozabad city of Uttar Pradesh in India. The 
motivation of this study is to investigate indoor thoron and radon progeny levels 
around industry area of Firozabad city of Uttar Pradesh in India, and evaluate the dose 
contribution from them. Studies of the population of these areas have not indicated a 
higher than normal incidence of an increased risk of cancer. 
1 India 
- . • • • 'x j ^ ? . ^ • • 
I 
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\ , i:^v 
Figure-5.1: Map showing the location of study area 
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S.1.2: MATERIALS AND METHODS: 
Stud) of indoor radon, ihoron and its progeny have been carried out in some 
dwellings from March 2009 to June 2009 of Firozabad city, Uttar Pradesh, India using 
l.K-115 type II plastic track detectors in the "Bare" mode (space provided in the Twin 
chamber dosimeter cup). This technique has been discussed in chapter 2. 
The detectors were exposed for 91 days. Once the exposure period is over, the 
detectors were etched in 2.5 N NaOH solution at 60°C for 90 min in a constant 
temperature water bath in our laboratory. The counting of alpha tracks has been done 
using a binocular optical research microscope with a magnification of lOOx. fhe 
details of standard calibration methods are described (Happen and Mayya, 2004) and 
the concentration of radon and thoron gases were calculated in terms of (Bq m""^ ) 
using the following expression (Happen and Mayya, 2004). 
^Rn — ^rm/T l^rm ( 5T) 
^'Tli — ^total ~ ^rfCniJ n ^tf (5.2) 
where, tjof^ ; is the total tracks recorded in the SSNTD film, T is exposure time in 
da\s, tnri 's the track register on detector, Ky-m 'S the calibration factor of membrane 
compartment. /C,.^  and K^-j- are calibration factors of radon and thoron in filter 
compartment. 
Krf ^ 0.023 ± 0.004 tracks. cm~M"VBq m~^ 
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K^f = 0.019 ± 0.002 tracks. cm-^d'VBqm-^ 
K„n = 0.021 ± 0.003 tracks. cm-^d-i/Bq m"^ 
The inhalation dose was calculated in 7-nSvyr~^ using the relation (UNSCEAR. 
2000). 
D,„ = C(0.11 + 40 X 0.03) X 24 X 0.8 x 365 x 10~^ (5.3) 
where. C is radon or ihoron concentration, the radon and thoron progeny working 
le\els (WL) were calculated using the following relation (Mayya et al., 1998). 
C«„(Bqm-'^) - 3700 x WL.JF,^ (5.4) 
Crn(Bqm-^)==275xWLr,/FTn (5.5) 
where. F;^ „ == 0.4 and FT-/, = 0.1 are the equilibrium factor of radon and thoron 
(liNSCfiAR, 1992). The calculations have been made using the conversion factors 
given elsewhere (ICRP-65, 1993; Raghavaya, 1994). The annual exposure has been 
calculated through radon progeny while an exposure of an individual to radon 
progeny of I WLM is equivalent to 3.54 mjhm"- .^ The life time fatality risk and the 
annual effective dose received by the bronchial and pulmonary regions of human 
lungs have been calculated by using the conversion factor of 3 x 10" (WLM)"^ and 
}MmSv/WLM. 
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Standard deviation formula 
E(X-M)^ 
n- 1 
Where: 
X = means we sum across the values 
X = each value 
M = the mean or average 
n - the number of values 
5.1.3: RESULTS AND DISCUSSION: 
Table 5.1 - shows the values of radon concentration, thoron concentration, radon 
progeny, thoron progeny and inhalation dose while Table 5.2 - shows the values of 
annual exposure, life time fatality risk and effective dose in urban dwellings of 
Firozabad city of Uttar Pradesh (India). The values of radon concentration vary from 
31.5 to 141.4 Bq m~'^  with an average of 89.5 Bq m"-^  and a standard deviation 31.8 
whereas the values of thoron concentration vary from 9.3 to 75.2 Bq m~^ with an 
a\erage of 36.7 Bq m"-^  and a standard deviation 20.9. 
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Table- 5.1: Radon concentration, thoron concentration, radon progeny, thoron 
progeny and iniialation dose in some dwellings. 
s. 
No. 
1 
1 
3 
4 
5 
6 
7 
8 
y 
10 
11 
12 
13 
14 
Location 
Room 
Worksiiop 
Room 
Worksiiop 
Room 
Room 
Room 
Worksiiop 
Room 
Room 
Workshop 
Worksiiop 
Room 
1 
Room 
Radon 
concentration 
CRU 
(Bqm"^) 
81.8 
111.8 
31.5 
122.3 
42.9 
85.1 
98.4 
123.3 
89.1 
48.7 
141.4 
113.7 
63.1 
100.3 
Thoron 
concentration 
(Bq m'^) 
25.6 
68.S 
9.3 
36.8 
13.9 
52.6 
30.1 
75.2 
26.9 
14.5 
41.1 
68.3 
20.3 
30.7 
Radon 
Progeny 
(mWL) 
8.8 
12.0 
3.4 
13.0 
4.6 
9.2 
10.6 
13.3 
9.6 
5.2 
15.3 
12.3 
6.8 
10.8 
Thoron 
Progeny 
(mWL) 
9.3 
25.0 
3.3 
13.4 
5.0 
19.1 
10.9 
27.3 
9.8 
5.3 
14.9 
24.8 
7.4 
11.2 
Inhalation 
Dose 
(«n + Th) 
Din 
(mSvy-^) 
0.98 
1.66 
0.37 
1.46 
0.52 
1.26 
1.18 
1.82 
1.06 
0.58 
1.68 
0.67 
0.76 
1.20 
Average value 
Standard 
Deviation 
89.5 
31.8 
36.7 
20.9 
9.6 
3.4 
13.3 
7.6 
1.08 
0.45 
Table- 5.2: Annual exposure (Rn + Th), Life time fatality risk factor and annual 
effective dose. 
S. No. 
i 
2 
- ) 
J 
4 
5 
6 
7 
8 
9 
10 
11 
12 
Annual 
exposure 
Rn 
iWlM) 
0.32 
0.43 
0.12 
0.47 
0.17 
0.33 
0.38 
0.48 
0.35 
0.19 
0.55 
0.44 
Annual 
exposure 
Th 
iWLM) 
0.33 
0.90 
0.12 
0.48 
0.18 
0.69 
0.39 
0.98 
0.35 
0.19 
0.54 
0.89 
Annual exposure 
Rn + Th 
{WLM) mjhm-^ 
0.65 
1.33 
0.24 
0.95 
0.35 
1.02 
0.77 
1.46 
0.70 
0.38 
1.09 
1.33 
2.30 
4.71 
0,85 
3.36 
1.24 
3.61 
2.73 
5.17 
2.48 
1.35 
3.86 
4.71 
Life time 
Fatality 
Risk 
Factor x 
10'' 
1.95 
3.99 
0.72 
2.85 
1.05 
3.06 
2.31 
4.38 
2.10 
1.14 
3.27 
3.99 
Annual 
Effective 
Dose 
(mSvy"^) 
2.52 
5.16 
0.93 
3.69 
1.36 
3.96 
2.99 
5.66 
2.71 
1.47 
4.23 
5.16 
13 
14 
Average 
Value 
S. D 
0.25 
0.39 
0.35 
0.12 
0.27 
0.40 
0.48 
0.27 
0.52 
0.79 
0.83 
0.37 
1.84 
2.80 
2.9 
1.3 
1.56 
2.37 
2.5 
1.1 
2.02 
3.06 
3.2 
1.4 
The values of radon progeny ranges from 3.4 to 15.3 mWL with an average value of 
9.6 mWL and a standard deviation of 3.4 while the values of thoron progeny ranges 
from 3.3 to 27.3 mWL with an average of 13.3 mWL and a standard deviation 7.6. All 
\alucs are found to be lower than the recommended action level 200 Bq m"-^  (iCRP-
65. 1993). The values of inhalation dose vary from 0.15 to 0.71 mSvy'^ with an 
average of 1.08 mSvy"^ and standard deviation is 0.45. The annual exposure (Rn + 
in) in terms of WLM ranges from 0.24 to 1.46 with an average value of 0.83 and 
standard deviation 0.37 while annual exposure {Rn + Th) in terms of mjhm"'^  ranges 
from 0.85 to 5.17 with an average of 2.9 and a standard deviation 1.3. The life time 
I'atality risk of the residents of the study area ranges from 0.72x 10' to 4.38x 10" with 
an average value of 2.5 x lO"'^  and a standard deviation 1.1 x lO"*. The annual effective 
dose ranges from 0.93 to 5.66 mSvy~^ with an average value of 3.2 mSvy"^ and a 
standard deviation 1.4. The detectors were fitted inside rooms and few detectors were 
inside glass factory. All values obtained under the limit (lCRP-65, 1993). depending 
on the type of house construction, ventilation conditions and location. It was observed 
that in all the places the annual inhalation dose and annual effective dose is below the 
action level 3-10 mSvy~^ has been recommended by ICRP (lCRP-65, 1993). 
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5.2: MEASUREMENT OF INDOOR RADON AND THORON 
CONCENTRATIONS IN THE URBAN DWELLINGS USING 
PLASTIC TRACK DETECTORS: A CASE STUDY 
5.2.1: MATERIALS AND METHODS: 
Twin cup dosimeters with LR-I 15 type II plastic track detectors were used as a tool to 
measure the concentration of radon and thoron. LR-I 15 type II plastic track detector 
is a Solid State Nuclear Track Detector (SSNTD) coated with cellulose nitrate. LR-
I 15 type II plastic track detectors were exposed in three different modes (I) Bare 
mode (Table 5.1) (2) Filter mode (3) Membrane mode. A complete description of the 
dosimeter system is provided and shown in figure 2.7. 
5.2.2: RESULTS AND DISCUSSION: 
Tables 5.3. shows the values of radon concentration and thoron concentration in the 
llller mode and membrane mode of Firozabad city of Uttar Pradesh, India. 
It is evident from Table 5.3 shows the values of radon concentrations which vary from 
20.07 to 91.78 Bq m"-^  with a mean of 56.40 Bq m"-^  and a standard deviation of 
21.07. The values of thoron vary from 11.63 to 73.96 Bq m~^ with a mean of 35.70 
Bq m"-^  and a standard deviation of 19.99. 
Table- 5.3: Values of radon and thoron in different dwellings of study area 
; S. No. 
i 
Track density 
Pm 
(tracks cm~^) 
Track density 
Pf 
(tracks ctn'^) 
Radon 
concentratio 
(Bqm-3) 
Thoron 
concentratio 
(Bqm"3) 
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i 1 
i 
1 2 
3 
: 4 
5 
i 6 
1 
; 7 
8 
9 
10 
II 
12 
1 
1 
13 
14 
15 
M 
46 
64 
82 
86 
88 
108 
113 
121 
124 
130 
133 
150 
159 
175 
Mean 
Standard deviation 
27 
40 
48 
88 
97 
99 
121 
133 
133 
139 
141 
144 
153 
194 
217 
20.07 
23.9 
33.46 
43.02 
44.93 
45.89 
56.41 
59.27 
63.1 
65.01 
67.88 
69.79 
78.39 
83.17 
91.78 
56.40 
21.07 
11.63 
13.3 
13.29 
14.0 
30.8 
31.21 
39.34 
24.30 
42.98 
43.4 
55.50 
24.29 
48.79 
73.96 
68.66 
35.70 
19.99 
The values of radon concentration may vary with the type of construction, ventilation 
condition and other factors of dwellings. In the study area, there were mainly two 
types of houses, one (first types) which are constructed of brick walls with plaster and 
having cemented tloor and concrete roof, while the (second types) are made of brick 
v\alls without plaster and having earthen floor. The lower values of radon 
concentrations of first type houses are shown in the Table 5.3 (viz., from S. No. 1-6). 
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l-or instance these houses were plastered, painted and having cemented floor hence 
there is rare chance of radon emanation from the construction materials and ground 
soil which results in the lower radon levels. It is observed from Table 5.3 that all the 
values of radon concentration were found below the recommended action level. 
.According to ICRP. the action level for radon concentration should be in the range 
200 - 600 Bq m~^ Hence, this study area is safe from the health hazard point of view. 
The observed values of radon concentration are found comparable with the variation 
observed in the countrywide radon concentration (Table 5.4). 
Table- 5.4: Comparison of indoor radon concentration with some other studies of 
India 
1 Location 
1 
! 
Ciarhwal Himalaya. 
Uttarakhand 
Kumaun Himalaya. 
Uttarakhand 
Madhya Pradesh and 
1 Chhattisyarh 
1 '^  
South Western Punjab 
Some villages of Amritsar, 
Punjab 
Upper Siang. Arunachal 
Pradesh 
Radon concentration 
(Bq m"3) 
12.0- 191 
11.0-64 
21.7-33.3 
21.4-79.4 
60.0-235.6 
9.0-472 
Reference 
Ramola, 2011 
Ramola, 2011 
Kheretal;2008 
Kumar etal; 2012 
Bajwa et al; 2009 
Mahuretak2009 
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Thankassery, Kerala 
Srivaikuntam, Tamilnadu 
Some districts of Haryana 
Agra, Uttar Pradesh 
I 
rUah district. Uttar Pradesli 
All India 
I'irozabad city. Uttar 
Pradesh 
44.3-373.3 
30.0-287 
40.33- 134.4 
98-307.0 
19.4-2782.6 
13.5- 143 
20.1 -91.8 
Kumar et al; 2007 
Kumar etal; 2007 
Kant et al; 2004 
Kumar etal., 2010 
Khan etal; 2008 
Ramachandran, 1998 
Present study 
1 
5.2.3: CONCLUSION: 
The radon and thoron levels were measured in indoor dwellings of Firozabad city, 
India in residential areas. The radon dosemeters (LR-115 Type II) were placed inside 
the dwellings for 3 months each. The results of the present research work led to the 
following conclusions: 
(1) It has been observed that the Firozabad city have relatively lower indoor radon 
levels when compared with other parts of India. The overall arithmetic mean of the 
present study (56.40 Bq m~-^  in membrane mode and 35.70 Bq m~^  in filter mode) is 
higher than the world average values of the indoor radon levels (40 Bqm~^). 
However, present values are lower than the recommended action levels (200-600 
Bqm~-'^ ). 
(2) The higher values of indoor radon ("'Rn) concentration is observed in the poor 
ventilated room. The annual effective dose has been found in the studied area is less 
than the limit of recommended action level (3-10 mSv). The radon concentration and 
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radon effective dose rate depend upon many factors alike nature and type of building 
material used during construction, location and ventilation conditions inside the 
louses. 
5.3: MEASUREMENT OF EFFECTIVE DOSES OF RADON AND 
THORON IN HOSTELS 
DESCRIPTION OF STUDY AREA 
Aligarh is located at the coordinates 27.88°N 78.08°E. It has an elevation of 
approximately 178 meters (587 feet). The map of studied area is shown in Fig. 5.2. 
This city is situated in the middle portion of the doab, the land between the Ganga and 
Yamuna rivers. The G T road passes through this city. The city is an agricultural trade 
Centre. The processing of agricultural products and manufacturing are also important. 
Aligarh has always been an important business centre of Uttar Pradesh and is most 
famous for its locks industry. Aligarh is also famous for its brass hardware and 
sculptures. Today, the city holds thousands of manufacturers, exporters and suppliers 
involved in the brass, bronze, iron and aluminium industries. There is a thermal power 
station 15 km away from the city. It is called Harduaganj Thermal Power Station (also 
referred as Kasimpur Power House). A nuclear power station, Narora Atomic Power 
Station is located 50 km away from Aligarh. Aligarh is also popular for its sugar 
factory; Satha sugar factory is just far from the centre of city. Satha sugar factory is 
located on the Aligarh-kasimpur Power House route. On this route a cement factory is 
also present. 
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5.3.1: RESULTS AND DISCUSSION 
Tabic 5.5 presents the values of radon, thoron and their progeny in the rooms of 
Sulaiman Hall of Aligarh Muslim University, Aligarh. hidoor radon and thoron 
concentrations in the Sulaiman Hall are found to vary from 24.15 to 197.10 Bq m"'^  
with an average of 131.29 Bq m"^ and 11.70 to 63.16 Bq m"^ with an average of 
39.71 Bq m~^, respectively. 
Table- 5.5: Radon, thoron and progeny levels in the Sulaiman Hall of AMU, Aligarh. 
India 
S. No. 
! 
( 
1 
j 
1 
1 
("" 2 
i ^ 
1 
1 •' 
i 
I 5 
i 
! ""6' 
7 
8 
1 9 
10 
1 
Radon 
concentration 
Cun 
(Bqm"3) 
24.15 
77.29 
113 
125.60 
135.27 
144.93 
154.59 
164.25 
176.81 
197.10 
Thoron 
concentration 
Crh 
(Bq nr^) 
35.67 
40.94 
31.57 
23.40 
11.70 
58.48 
40.94 
52.63 
38.59 
63.16 
Radon 
progeny 
imWL) 
4.18 
19.8 
4.70 
9.41 
3.76 
15.66 
1.95 
9.19 
14.38 
1.8 
Thoron 
Progeny 
{mWL) 
1.52 
36.08 
2.12 
17.02 
5.96 
23.96 
13.3 
16.14 
37.45 
14.03 
Effective 
Dose 
(nSvh-^) 
0.19 
0.36 
0.44 
0.46 
0.45 
0.63 
0.60 
0.67 
0.66 
1 
0.79 
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Minimum 
\ Vlaximum 
Average 
24.15 
197.10 
131.29 
11.70 
63.16 
39.71 
1.8 
19.8 
8.48 
1.52 
37.45 
16.8 
0.19 
0.79 
0.5 
Radon progeny concentrations in the rooms of Sulaiman Hall are found to vary from 
1.8 to 19.8 mWL with an average of 8.48 mWL while the thoron progen} 
concentrations in the rooms of Sulaiman Hall vary from 15.2 to 37.45 mWL with an 
a\erage of 16.8 mWL. The effective dose due to inhalation of radon and thoron in the 
rooms of Sulaiman Hall are calculated to be 0.19 to 0.79 [iSv h~^ with an average of 
U.50 [iSv h~\ The observed values of radon concentration are found comparable with 
the variation observed of Gharwal (Ramola. 2011). In the present study rooms are 
located in the region of Aligarh Muslim University (AMU) Campus. It is seen that the 
most of these values are on the higher side. One reason for higher levels of radiation 
in these rooms may be due to the fact that the northern part in India is having a high 
geochemical distribution of-^ **U as revealed by the radioactivity profile map of India 
prepared by Sankaran (Sankaran et al., 1986). The values of radon concentration and 
their progeny vary with the type of construction, ventilation condition, location and 
other factors of dwellings (Sannappa et al., 2003). The twin chamber dosimeter cups 
are hanged in the winter season. The dimension of each room is same approximately. 
In addition, to that the rooms have small door and small windows, which remains 
closed for most of the time to conserve the energy in the winter season. Due to poor 
ventilation conditions, the radon is accumulated inside the rooms and thus results in 
higher radon concentration. However, it is seen from Table 5.5 that the values of 
radon concentration were found below the level of concern i.e., 200-600 Bq m~-^  
(ICRP. 2000). The values of effective dose are also found lower than the worldwide 
average baekground radiation dose (ICRP, 2009). A countrywide radon concentration 
is also present in Table 5.6. 
Tiible- 5.6: Comparison of indoor radon concentration with worldwide study 
S. No. 
1 
1 
i 
2 
3 
i 
4 
5 
1 
« 
7 
8 
9 
Location 
Rome, Italy 
Coal mines, turkey 
Ajloun villages. 
Jordan 
Taipei, Taiwan 
llualin, Taiwan 
Urban dwellings of 
Chhattisgarh, India 
Phosphate fertilizer 
warehouse. Nigeria 
Houses of 
Montenegrin 
Xinwen villages. 
China 
Radon 
concentration 
(Bqm-^) 
121 
239 
36.3 
23 
17 
25.29 
91.62 
31.8 
30.2 
Reference 
Antignani et al.. 
2009 
Cileetal., 2010 
Al-Khateebet 
al., 2012 
Limoto et al., 
2001 
Limoto et al.. 
2001 
Khokhar et al: 
2008 
Mark etal., 2012 
Antovic et al.. 
2007 
Guizhi et al.. 
2008 
152 
10 
11 
12 
13 
14 
Italian dwellings 
Detached house. 
Syria 
KARS, Turkey 
CTPP, Turkey 
Sulaiman Hall, 
Aligarh (India) 
99 
36 
114 
71.0 
131.29 
Bochicchio et al., 
2009 
Othman et al., 
1997 
Celiketal..2008 
Aytekin et al., 
2008 
Present study 
5.3.2: CONCLUSION 
All the values of radon, thoron and effective dose measured in different rooms of 
Sulaiman Hall, AMU. Aligarh are found within the safe limit recommended by ICRP. 
The difference in the values depends upon the different parameters like geochemical 
distribution of the area, ventilation conditions and room types. These results reveal 
that the study area is safe and does not pose any significant radiological threat to 
human life. 
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Measurement of radium concentration and radon 
exhalation rates of soil samples collected from 
some areas of Bulandshahr district, Uttar 
Pradesh, India using plastic track detectors 
M. Zubair*, M. Shakir Khan, D. Verma 
)cpartment of Applied Physics, Zai<ir Hussain College of Engineering and lechnology, 
Aligarh Muslim University, Aligarh 202002, India 
Background: Radon is an odourless, colourless 
and tasteless gas and it is the first cause of lung 
cancer among non- smokers. The assessment of the 
level of radium in building materials helps in under-
standing the radiological implications. It has been 
observed that everyone has some levels of exposure 
to them. Therefore measurement of radium and 
radon in the soil samples are important from public 
health point of view. Materials and Methods: In the 
present work, radon exhalation rate and radium from 
soil samples have been measured through "Sealed 
Can technique" using LR-115 type II plastic track 
detector. Twenty two samples were collected from 
industrial area of Bulandshahr, Hapur and Meerut 
districts of Uttar Pradesh (India). Results: The radium 
concentration ranges from 9.2 to 18.7 Bqkg-i with an 
average value of 14.1 Bqkg^i. The area exhalation 
rate for radon ranges from 394.1 to 798.3 mBqm 2 h 
' with an average value of 600.7 mBqm-2 h i and 
mass exhalation rate ranges from 15.1 to 30.7 
mBqkgih^ with an average value of 23.1 inBqkg-ih-i. 
A strong correlation coefficient has been observed 
between radium concentration and radon exhalation 
rate, Conclusion: The values of radium concentration 
in all the soil samples were found to be lower than 
the limit 370 Bqkg^ as recommended by OECD, 
1979. Hence, there is no matter of concern to the 
population living in this region. Iran. J. Radiat. Res., 
2012;10(2J: 83-87 
Keywords: Soil, plastic track 
concentration, radon exhalation rates. 
detectors, radium 
INTRODUCTION 
Radon, a gaseous product of uranium 
decay series, is odourless, colourless and 
tasteless. Soil is the prime source of 
uranium and it forms a major component of 
builduig materials. As a result radon 
I'eaches us through these building 
materials. Radon (---Rn) is a decay product 
of radium (^ -*'Ra) which decays after 
completing its half life (3.83 day,s) directly 
into radon. Radon varies in different 
quantities in different materials and place 
to place, because radon is chemically 
unreactive with several materials, it freely 
moves between particles of building 
materials (like soil, rock and sand etc) to the 
soil surface '". Radon has carcinogenic 
effect, infact; it is the first known cause of 
lung cancer among non smokers'-'. It is 
responsible for about 2900 deaths of those 
people who have never smoked in the world 
'-\ Radon becomes airborne with the 
attachment of dust particle and pollution, 
after inhalation it becomes deeply trapped 
in the lung. Therefore the exposure of 
population to high concentration of radon 
and its daughters for a long period leads to 
pathological effects like the respiratory 
function changes '". According to several 
researchers, breathing low level of radon 
may increase the possibility of lung cancer'' 
'^\ Radon occurs through advection and 
diffusion process from some building 
construction materials like soil and rock and 
enter the environment "'• ''K Uranium also 
occurs in every natural and edible material 
'"'. In the present work "Sealed ('an 
Technique" is used by using LR-115 type II 
plastic track detectors. The radon 
exhalation rate and radium is being 
measured for the first time in Bulandshahr, 
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Hapur and Meerut districts of Uttar 
I'radesh according to the best of our 
knowledge. The motivation of work is to 
measure radiological health risk level of 
radon exhalation rates and radium in this 
area. A distance of 60 km had been covered 
in this study performed. 
Geology of the area 
The Hulandshahr district is in Meerut 
region of Uttar Pradesh. This is situated 
between 28.4° south and 28.0° north 
latitude and between 77° and 78° longitude. 
The River Ganga is the east separates this 
District from Moradabad and Badaun 
district and in the west river Yamuna 
separated it from Haryana state and Delhi. 
In the north of district is Ghaziabad and in 
south east are the borders of Aligarh 
district. 
Aleerut is the 16*^ ' largest metropolitan 
city in India and the 17"^  largest city in 
India (India's national census of 2001). 
Meerut is also the fastest developing city of 
Uttar Pradesh after Noida and Ghaziabad. 
Meerut district is the part of upper Ganga 
Yamuna Doaab, which lies 28° 47' and 29° 
18' in north direction and 77° 7' and 78° 7' in 
east direction. In shape, it is roughly rectan-
gular, study area shown in figurel. 
The study area is a part of Indo"Gangatic 
plain, which has been formed by collision of 
Indian & Asian plate (continent-continent 
collision). The study area falls in the 
Ganga-Yamuna Doaab which is a part of the 
central Ganga plain, where quaternary 
scdiinents comprise sands of various grades, 
silt and clay often intercalated with 
calcareous concentrations in varying 
proportions. The aquifers are generally 
lenticular in nature and there are rapid 
alternation and gradations between granu-
lar and clayey horizons. The near surface 
groundwater occurs under unconfined while 
deeper aquifers generally contain water 
under semi-confined to confined conditions. 
The district is 237.44 meters above sea 
level. The climate of the area is extremely 
cold in winter and very hot in summer. The 
area falls under sub-tropical climatic zone 
where during summer the temperature o 
ften rises to 45° C while during winter it 
touches 4° C. The average relative humidity 
ranges from 32 to 82%. The monsoon 
usually breaks in the last week of June 
every year causing heaviest rain during 
July and August, average annual rainfall of 
this region is 618.97mm '•". This region has 
plain landscape, vast forest, agricultural 
land and very fertile, alluvial soils produced 
by the silt brought through by numerous 
rivers '•^ *. Three types of soils have been 
found which are as follows: 
1. Sandy loam 
2. Sandy loam to loam 
3. Loam to clay loam. 
• < ; , . , . - . 
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Figure 1. The map showing the study area. 
MATERIALS AND METHODS 
Twenty two soil samples were collected 
from different places of industrial area of 
Bulandshahr, Hapur and Meerut districts of 
Uttar Pradesh (India) by grab sampling 
method. Sealed Can technique has been 
used *'°\ Experiment has been performed in 
the month of summer. The experimental 
arrangement is shown in figure 2. The 
tracks were observed and counted by using 
84 Iran. J. Radial Res., Vol. 10 No. 2, September 2012 
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inici'osco])e with a magnification of 400x. 
The track density and radon activity was 
obtained through cahbration factor of 0.056 
tracks cm-d ' (Bqm'O "». The details of the 
method are the same as reported earlier *'2). 
Figure 2. Experimental setup for measurements of radium 
concentration and radon exhalation rates in soil samples. 
The radium concentration were found by 
using this formula^ 
pliA (',. 
KT M 0) 
Where, p is track density (track /cm-), A is 
surface ai-ea of the sample in cm'-, h is dis-
tance between the detectors and top of the 
sample m cm, A' is the sensitivity factor 
(tracks cm - d ' per Bq m'O 
Exhalation rates in terms of area and 
mass were calculated from the following 
equation which was earlier used by various 
researchers " ' '". 
Area exhalation rate 
/• 
CVA 
A\T + A-\e-'-^-\)\ 
(Bqnf'h~'] (2) 
Mass exhalation rate, 
CVA 
/•:, 
.1/1 + A ^ - I J (ikikg-'h-') (3) 
Where, <" is radon exposure (Bqm'%), Kis 
volume of (-an (m'O, T is Time of exposure 
(hrs), M is Mass (kg) of the sample in Can, A 
is the decay constant for radon (hO. 
RESULTS AND DISCUSSION 
The values of radon exhalation rate in 
terms of area and mass and radium in soil 
samples from industrial areas of Buland" 
shahr, Hapur and Meei'ut districts of Uttar 
Pradesh, India, are depicted m table 1. The 
soil of this area is commonly using in brick 
manufactui'ing. In the present investigation, 
the area exhalation rate for radon ranges 
from 394.12 to 798.34 mBqm % ' with an 
average of 600.74 mBqm^h' and a standard 
deviation of 110.35. The values of mass 
exhalation rate for radon ranges from 15.1 
to 30.7 mBqkg 'h ' with an average of 23.1 
mBqkg'h"' and a standard deviation of 4.26. 
The values of radon exhalation rate in soil 
samples observed with safe limit and higher 
than the global value of radon exhalation 
rate from soil is in the range of 0.02 • 0.05 
Bq m- h '. Northern part of India is having 
high geochemical distribution of U-'*" as 
revealed by the radioactivity profile map of 
India "s*. Radium concentration ranges from 
9.2 to 18.7 Bq kg ' with an average of 14.1 
Bq kg ' and a standard deviation 2.59. It is 
evident from the table 2 that the average 
values of radium concentrations and radon 
exhalation rates observed in soils of Buland-
shahr district are comparable to those 
reported for other parts of India. 
The observed values of radium concen-
tration in soil samples in the present study 
are less than the recommended action level 
370 Bq kg ' '"'' and also lower than the 
average global value of 35 Bq kg' . The soil 
of this area is advisable to use in brick 
manufacturing for building construction. 
The correlation between the radium concen-
tration and the radon emanation potential 
of the source material is required for radon 
risk. A positive correlation has been 
observed between radium concentration and 
area exhalation rate in soil of the study area 
(figure 3). 
CONCLUSION 
1. The average values of radium content in 
the study area are comparable to the 
global average value of radium in soil. 
2. The values of radon exhalation rate in 
soil samples of the study area are quite 
lower than the areas known for Uranium 
mineralization nevertheless is higher 
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from the global value. Therefore the use 
of soil of this area in Brick manufacturing 
for building construction is considered to 
he safe. 
Highest activity was found in soil number 
1. These results reveal that radon gas is 
chemically unreactive with soil sample. 
Radium concentration was found with 
safe limit recommended by a group of 
experts of the OECD. The results reveal 
that the area is safe as far as the health 
hazard effects of radium and radon 
exhalation rate are concerned. 
Strong positive correlation has been 
observed between radium content, area 
exhalation rate and mass exhalation rate. 
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Figure 3. Showing tlie correlation between radium 
concentration and area exhaiation rate. 
Table 1. Values of radium concentration and radon exinalation rate in soil sample. 
Sr. No 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
Sample code 
Soil-l 
Soil-2 
Soil-3 
Soil-4 
Soil-5 
Soil-6 
Soil-7 
Soil-8 
Soil-9 
Soil-10 
Soil-11 
Soil-12 
Soil-13 
Soil-14 
Soil-15 
Soil-16 
Soil-17 
Soil-18 
Soil-19 
Soil-20 
Soil-21 
Soil-22 
Minimum 
Maximum 
Mean 
S. D. 
Radon exhalation rates 
EA (Bq. m"^ h"^ ) xlO'^ 
518.15 
633.29 
642.89 
798.34 
479.76 
498.96 
613.49 
573.64 
438.64 
546.21 
563.54 
655.28 
587.72 
678.77 
695.16 
394.12 
764.06 
457.87 
769.55 
620.27 
714.31 
572.28 
394.12 
798.34 
600.74 
110.35 
EM (Bq. kg'h ' ) x l O ' 
19.9 
24.3 
24.7 
30.7 
18.4 
19.2 
23.6 
22.1 
16.8 
21.0 
21.6 
25.2 
22.6 
26.1 
26.7 
15.1 
29.4 
17.6 
29.6 
23.8 
27.5 
22.0 
15.1 
30.7 
23.1 
4.26 
Radium Concentration 
CRa (Bq.kg') 
12.1 
14.8 
15.1 
18.7 
11.2 
11.8 
14.4 
13.4 
10.3 
12.7 
13.2 
15.4 
13.7 
15.9 
16.3 
9.2 
17.9 
10.7 
18.1 
14.5 
16.7 
13.4 
9.2 
18.7 
14.1 
2.59 
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Table 2. Ccinparison of the average radon exhalation rates and radium (Bq kg^) in soil samples in different part in India. 
S. No. 
1 
2 
3 
4 
5 
Location 
Margherita Thrust area 
Kangra(H. P) 
Villages of Haryana and Hi-
machal Pradesh States, India 
Aravali hills in India 
Jamtara district 
Present study 
Exhalaltion rates 
Area exhalation 
rate 
362.0 
806.1 
524.9 
540.0 
642.9 
600.7 
Mass exhalation 
rate 
10.9 
24.3 
12.8 
25.5 
18.9 
23.1 
Radium 
-
18.5 
14.8 
-
15.7 
14.1 
References 
17 
18 
19 
20 
5 
-
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Radium Studies in Sand Samples Collected from Sea Coast 
of Tirur, Kerala, India Using LR-115 Plastic Track Detectors 
Mohd Zubair*, M Shakir Khan, Deepak Verma 
Department of Applied Physics, F/0 Engineering & Technology, 
Aligarh Muslim University, Aligarh-202002. India 
Abstract: Radium is naturally occurring solid radioactive element in the earths surface and it is 
chemically similar to calcium and is absorbed from soil by plants and passed up the food chain to 
humans. High intake or body exposure to radium causes serious health hazards and may result in 
bone cancer. Track etch technique has been used with LR-115 type II plastic track detector to 
measure the effective radium content of sand samples collected from the sea coast (Unniyal 
beach) of Tirur of Malappuram district of Kerala state (India). The value of effective radium 
content ranges from 45.6 to 226.1 Bq/Kg with an average of 111.9 Bq/Kg. The content of radium 
observed in the samples of this region is insignificant regarding health related concern. 
Keywords: Kerala; sand sample; LR-115 type II plastic track detector; track etch technique; 
radium. 
1. Introduction 
During the last decade, there has been an 
increasing interest in the study of radium ac-
tivity in various building materials. Since ra-
dium is a highly radioactive chemical element 
and it is the most important source of radioac-
tivity in the coastal areas. Radium is a solid 
radioactive element under ordinary conditions 
of temperature and pressure [1]. Radium is 
chemically analogous to calcium, and is ab-
sorbed from soil by plants and passed up the 
food chain to humans. Microscopic quantities 
of radium in the environment can lead to 
some accumulation of radium in bone tissue 
whereby it degrades bone marrow and can 
mutate bone cells. Ingestion or body exposure 
to radium causes serious health effects which 
included sores, anemia, bone cancer and other 
226 238, disorders [2]. Ra is a product of U decay 
series. Emitted energy from the decay of ra-
dium causes vexed on the skin and produces 
many other detrimental effects. Radium is a 
naturally occurring radioactive metal more-
over it is present in soil, sand, rock, water, 
plants and animals. Sand is used as a con-
struction material in buildings. Higher values 
of radium in sand contribute significantly in 
the enhancement of indoor radon in dwellings 
[2]. It has been estimated that each square 
kilometer of the earth surface (to a depth of 
40 cm) contains I gram of radium [3]. Ra-
dium is one million times more radioactive 
than the same mass of uranium. Its decay oc-
curs in at least seven stages, the following 
main products were called radium emanation 
recognized as radon. Radon is a heavy gas 
and the later products are solids. These prod-
ucts are themselves radioactive in nature. 
Proper knowledge of radioactive contents 
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in construction materials is important since it 
allows calculating the exposure of the popula-
tion to radiation from natural sources. In the 
light of the above facts the measurement of 
radium content in coastal and uranium rich 
areas is great importance for environmental 
and safety assessment. In the present study, 
track etch technique has been used vv'ith 
LR-115 type II plastic track detector to meas-
ure the effective radium content of sand sam-
ples collected from the sea coast (Unniyal 
beach) of Tirur of Malappuram district of 
Kerala state (India). The study area lies be-
tween 8°30"26.64"N and 76°58"I9.2"E. 
period the detectors were etched in 2.5 N 
NaOH solution at 60°C for a period of 1 hour 
and 30 minutes in a constant temperature wa-
ter bath used for visualization of tracks. The 
detectors were washed and dried for ten min-
utes. The etching process removes a bulk 
thickness of 4|im remaining a residual detec-
tor thickness of 8^m [6]. The tracks was ob-
served and counted by using microscope with 
a magnification of 400^. 
Once the radioactive equilibrium is over after 
closing the can the activity concentration of 
radon begins to increase with time T [2]. Ac-
cording to the relation 
2. Materials and methods 
Beach sands have been occurring in poly-
ethylene bags by using grab sampling method 
along the coast with an average width ranging 
from 0.5 to 1 km. Some samples were col-
lected from out water and some from I feet 
depth. 
2.1. Measurements of effective radium con-
tent 
"Sealed can technique" has been used [4, 5]. 
The collected samples were dried in an oven 
about 12 hrs at 150°C, to remove moisture. 
Dried sample 0.10 Kg was placed at the bot-
tom of the plastic can. The geometry of the 
can is 7cm diameter and 7.5 cm height and 
closed for a period of one month in order to 
get equilibrium. Once the radioactive equilib-
rium is over, the detector is fixed inside the 
lid of the can with the help of transparent ad-
hesive tape, in such a way as to allow the 
coated side of the detector to face the soil 
sample. The size of the LR-115 type II plastic 
track detector is 1.5 ^ 1.5 cm. The cans sealed 
tightly for 90 days. Thus the coated side of the 
detectors were exposed independently to the 
alpha particles from the decay of radon in 
diffusion process in the empty part of the Can 
and from Po '^^  and Po ^'''deposited on the 
inner walls of the Can [5]. After the exposure 
C,. cj\ ./tftiT (1) 
Where, CRS is the effective radium content 
of the sample, X is the decay constant for Ra-
don. 
The track detector efficiency depends on 
the radius and height of the used Can [2]. 
The radium concentration was calculated by 
using this formula 
Cn. = 
phA 
KTeM (2) 
where, p is track density (track /cm ), h is 
distance between the detectors and top of the 
sample in cm, A is surface area of the sample 
in cm , K is the sensitivity factor (0.02 tracks 
cm"^  d"' per Bq m'^. T, is the effective ex-
posure time: 
\=V-K;i\-e-'""')\ 
3. Results and discussion 
(3) 
Table I, represents the values of effective 
radium content of sand samples collected 
from sea coast Tirur (Unniyal beach) of 
Malappuram district of Kerala state (India). 
The value of radium concentration ranges 
from 45.6 to 226.1 Bq/Kg with an average of 
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111.9 Bq/Kg and a standard deviation 44.4. 
These values are higher than the values found 
by [1, 9] while are lower than those reported 
in the sand of Chhatrapur beach, Orissa and 
Brazilian beach [2, 8]. As the sand is the basic 
ingredient used in construction materials in 
India. By mixing it with cement, sand is 
commonly used as a building material for 
fired clay and fly ash bricks for the construc-
tion of walls and also as a plastering material. 
It is also used in the manufacturing of con-
crete. 
The deposit comprise of pure white quartz 
sands, dirty white silt, silty sand, grey to dark 
grey sands, redtery sands made up of fine to 
medium grained sands with ilimonate, mona-
zite, rutile, zircon, leycoxene (brown ilmen-
ite), sillimanite and garnet. The radioactive 
component of Kerala beach sand is monazite, 
which contains thorium (8-10%, highest in the 
World) and its radioactive daughter products 
[7]. The study was carried out for residents of 
Kerala. The residents are exposed to a natu-
rally occurring radiation dose ten times higher 
than the worldwide average [10]. There are 
similar natural radiation area in southern 
China, Iran and Brazil, but the Kerala coast in 
southern India is believed to be the only high 
radioactivity region with a high population 
density [10]. It is clear from the table that all 
samples having radium content less than 370 
Bq /Kg are advisable to be used in construc-
tion of dwellings [II]. Thus, results reveal 
that the area is safe as far the health hazard 
effects are concerned. 
4. Conclusion 
far the health hazard effects are concerned. 
Table 1. Effective radium content in different sand 
samples collected from sea coast of Tirur, 
Kerala, India 
S.no. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
Sample code 
Beach-15 
Beach-16 
Beach-8 
Beach-17 
Beach-14 
Beach-3 
Beach-11 
Beach-12 
Beach-2 
Beach-7 
Beach-1 
Beach-4 
Beach-6 
Beach-5 
Beach-19 
Beach-13 
Beach-18 
Beach-9 
Beach-10 
Average Value 
Standard deviation 
Rel. std. % 
Effective Radium 
content 
CRa (Bq/Kg) 
45.6 
54.8 
75.7 
82.1 
84.0 
89.3 
94.0 
101.3 
102.1 
103.0 
109.4 
110.3 
113.0 
120.3 
134.2 
135.1 
139.6 
206.0 
226.1 
111.9 
44.4 
39.7 
The values of effective radium content was 
found to be in the range of 45.6 to 226.1 
Bq/Kg of samples which is less than the per-
missible value of 370 Bq/Kg are advisable to 
be used in construction of dwellings. Thus, 
results reveal that the radioactive levels of 
these areas are below the level specified by 
OECD. It is observed that the area is safe as 
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Table 2. Radium content of building materials from 
India and other countries 
Material 
Brick 
Cement 
Granite 
Sand (Grave!) 
Present study 
Country 
Norway 
UK 
USSR 
W. Germany 
Finland 
India 
Norway 
UK 
USSR 
W. Germany 
Finland 
India 
USSR 
W. Germany 
UK 
India 
UK 
Finland 
India 
Average activity 
content of-^''Ra 
(BqKg-') 
104.0 
52.0 
55.5 
59.0 
778.0 
48.1 
30.0 
22.0 
25.9 
25.9 
44.4 
86.0 
14.8 
104.0 
89.0 
30.0 
7.4 
37.0 
III.9 
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Assessment of indoor radon, thoron and their decay products in the 
surrounding areas of Firozabad, Uttar Pradesh, India 
Molid Zubair* , M Shakir Khan, Deepak Verma 
Department of Applied physics, Z.H. College of Engineering & Technology, 
Aiigarh Muslim University, Aligarh 202002, India 
ABSTRACT 
Study of indoor radon/thoron has been carried out in some dwellings of Firozabad, Uttar 
Pradesh, India using LR-115 type II plastic track detectors. Radon is an invisible radioactive gas 
that occurs naturally in the environs. It comes from the natural breakdown of uranium in soils and 
rocks. Lung cancer risk depends upon the concentration of radon and their decay products in air 
above recommendation level. In the present study the value of concentration of radon ranges from 
J 1.5 to 141.4 Bqm'' whereas the value of thoron concentration ranges from 9.3 to 75.2 Bqm'. The 
value of radon progeny ranges from 3.4 to J 5.3 Bqm' while the value of thoron progeny ranges 
from 3.3 to 27.3 Bqm'f The inhalation dose varies from 0.15 to 0.71 mSv.y .The annual exposure 
lR)i ''- Tn) in terms of WLM ranges from 0.24 to 1.46 while annual exposure (Rn + Tn) in terms of 
mjhm'' ranges from 0.85 to 5.17 with an average of 2.9. The life time fatality risk of the residents 
(f the study area ranges from 0.72 x 10'^ to 4.38 x 10"^ with an average value of 2.5 x 10"'. The 
annual effective dose ranges from 0.93 - 5.66 mSvy' with an average value of 3.2. 
I Keywords: Indoor radon, Thoron, Solid state nuclear track detector, Effective dose] 
INTRODUCTION 
Radon, thoron and its (a-cmitting) decay products is naturally occurring in the environment in the 
form of ionizing radiation. It can affect radiation hazard although sources are concentrated in 
coxered areas like caves, mines and poorly ventilated houses. These factors can give rise to 
radiation exposure in the environment if their concentration is very high either due to natural 
causes (high background radiation area (Kerala), rock phosphate deposit, uranium deposit, 
industrial radiation, uranium and coal thermal power plant etc) [1]. These are unstable radioactive 
nuclei coming from the U"'^ ** and Th"'^ ' radioactive decay series. Indoor radon, thoron and its decay 
products is assumed to be health hazardous for human. As these are inert gases therefore it can 
easily dispei'sc into the environment as soon as it is released. About 90% of average radiation dose 
received by human from natural sources and about 50% is due to inhalation of radon, thoron and 
their progeny present in the dwellings [2]. hi dwellings radon and thoron level enter through the 
cracks, sump, and joints. In poorly ventilated spaces the radon concentration may reach levels of 
great concern [3]. Radon, thoron and its decay products ("'^ ^Po and •'''Po) attach to aerosols and 
77 
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gets trapcd in the tracia bronchial system during inhalation thereby irradiating the bronchial 
tissues. It constitutes a significant radiation hazard to human lungs and occurrence of lungs cancer 
[4.5]. 
Assumed exceptionally high uranium and thorium ratio can cause of increased radon and thoron 
[6|. The radon and thoron concentration is highly inhomogeneous and is strongly dependent on 
Ihc distance from the source [7, 8]. 
It is dependent on the ventilation rate because its decay constant (64 h" ) is much higher than 
normal ventilation rate (Ih'') and the behavior of the radon progeny is similar to thoron progeny 
according to its half life [9]. Radon and thoron in environment comes from two sources terrestrial 
and extraterrestrial radiation [10]. Such type of radiation exposure effects internal and external 
part of human body [2]. Internal exposure occurs through the inhalation of radon gas and external 
exposure occurs through the emission of penetrating gamma radiation [11]. It is supposed that the 
health effect of inhabitants is negligible due to the inhalation of thoron and its progeny but recent 
studies in many countries have shown that this may not be completely correct [12]. People spend 
about 80% of their time in homes or offices. Therefore precaution is needed; several scientist and 
research workers are engaged in the measurement of radon thoron and its progeny by using LR-
115 type II plastic track detectors in the environment [I, 14-19]. Firozabad city suffers from 
pollution because about four hundreds glass industries are registered in Firozabad and these 
industries produces different kind of glass material. Therefore the motivation of our study is the 
possible health risk assessment, due to the radon, thoron and its short lived decay products in 
inhalation. 
MATERIALS AND METHODS 
Experimental Details 
Study of indoor radon, thoron and its progeny have been carried out in some dwellings from 
March 2009 to June 2009 of Firozabad district, IJttar Pradesh, India using LR-115 type II plastic 
track detectors in the "Bare" mode [3,17-19,27]. The detectors are sensitive to a-particles and are 
widely used for radon and its short-lived decay products measurement. The size of detectors was 
taken 1.5 x 1.5 cm for recording the tracks of a-particles emitted by radon and its short-lived 
decay products present in the ambient air, typically Po''** and Po^ '** which generally attach 
themselves to the aerosols. The detectors were fixed on cards and mounted on the walls for 91 
days inside the room at a height of about 7 feet from the ground. The a-particles originating from 
radon and its short-lived decay products has been registered as tracks in the detectors, if a-
partieles from radon and its short lived daughter products have their energies in the range of about 
1.7-4.1 MeV [20, 21]. Once the exposure period is over, the detectors were etched in 2.5 N NaoH 
solution at 60°C for 90 min in a constant temperature water bath in our laboratory. The counting 
of alpha tracks has been done using a binocular optical research microscope with a magnification 
of lOOx. The details of standard calibrafion methods are described [22] and the concentration of 
radon and thoron gases were calculated in terms of (Bqm"'') using the following expression [22]. 
C If = tnii I iKnii (1 j 
Cr = /,„.,/ - Kr/ClinT/ TKlf ~-^[2] 
Where //,«,„ is the total tracks recorded in the SSNTD film 
T is exposure time in days 
hm is the track register on detector 
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K,.i =0.023±0.0Q4tracks.cm^-d~' /Bq.m^^ 
K,^ ^ 0.0\9±0.Qi)2tracks.cm~-d'' /Bq.m-' 
K,.,„ =0.02\±0.003tracks.cm--d'' /Bq.m'' 
The inhalation dose was calculated (in mSvy" ) using the relation 
/9„, (OT%' " ' ) = : C ( 0 , 1 1 + 40 X 0,03 )X 24 X O . 8 X 3 6 5 X 1 0 ' " . . . ( 3 ) 
Where C is radon or thoron concentration [2], the radon and thoron progeny working levels 
(PAEC) were calculated using the following relation [23j. 
C,XBqm') = ^ - — (4) 
where FR - 0.4 and Fj = 0.1 are the equilibrium factor of radon and thoron [24]. The calculations 
have been made using the conversion factors given elsewhere [25, 26]. The annual exposure have 
been calculated through radon progeny by using (WLM = 36 x WL) while an exposure of an 
individual to radon progeny of IWLM is equivalent to 3.54 mJhm"\ The life time fatality risk and 
the annual effective dose received by the bronchial and pulmonary regions of human lungs have 
been calculated by using the conversion factor of 3x lO"'' WLM'' and 3.88 mSvWLM"'. 
RESULTS AND DISCUSSION 
The table 1 - shows the values of radon concentration, thoron concentration, radon progeny, 
thoron progeny, and inhalation dose while Table 2 - shows the values of annual exposure, life 
time fatality risk and effective dose in urban dwellings of Firozabad district of Uttar Pradesh 
(India). The values of radon concentration vary from 31.5 to 141.4 Bqm"^  with an average of 89.5 
and a standard deviation 31.8 whereas the values of thoron concentration vary from 9.3 to 75.2 
BqnT' with an average of 36.7 and a standard deviation 20.9. The values of radon progeny ranges 
from 3.4 to 15.3 Bqm" with an average value of 9.6 Bqm"'' and a standard deviation of 3.4 while 
the values of thoron progeny ranges from 3.3 to 27.3 Bqm"'' with an average of 13.3 Bqm"'^  and a 
standard deviation 7.6. All values are found to be lower than the recommended action level 200 
Bqm"' 1CRP"'\ The values of inhalation dose vary from 0.15 to 0.71 mSv.y"' with an average of 
1.08 and standard deviation is 0.45. The annual exposure (Rn + Tn) in terms of WLM ranges from 
0.24 to 1.46 with an average value of 0.83 and standard deviation 0.37, while annual exposure 
(Rnt Tn) in terms of mjhm"' ranges from 0.85 to 5.17 with an average of 2.9 and a standard 
deviation 1.3. The life time fatality risk of the residents of the study area ranges from 0.72x 10"* to 
4.38x10"' with an average value of 2.5x10" and a standard deviation 1.1x10"''. The annual 
efiective dose ranges from 0.93 to 5.66 with an average value of 3.2 and a standard deviation 1.4. 
The detectors were fitted inside rooms and few detectors were inside glass factory. All values 
obtained under the limit [25], depending on the type of house construction, ventilation conditions 
and location. It is observed that in all the places the annual inhalation dose and annual effective 
dose is below the action level 3-10 mSvy"' has been recommended by ICRP [25]. 
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I ahic 1- Radon concentration, thoron concentration, radon progeny, thoron progeny and 
inhalation dose in some dwellings 
Sr 
Mo 
Location 
(' 
(Rji+Tn) 
(mSv 
1 
2 
J 
4 
5 
6 
/' 
9 
g 
10 
11 
12 
13 
14 
y') 
room 
workshop 
room 
workshop 
room 
room 
room 
workshop 
room 
room 
workshop 
workshop 
roomi 
room 
Aveai'age value 
Standard Deviati on 
Cji, 
Bqrn') 
81.8 
111.8 
31.5 
122.3 
42.9 
85.1 
98.4 
1T' 3 
89.1 
48.7 
141.4 
113.7 
63.1 
100.3 
9 0 <i 
J i . u 
Cx 
(B qrrr) 
25.6 
68.8 
9.3 
36.8 
13.9 
52.6 
30.1 
75.2 
26.9 
14.5 
41.1 
68.3 
20.3 
30.7 
36.7 
20.9 
Radon 
Progeny 
(rnVVL) 
8.8 
12.0 
3.4 
13.0 
4.6 
9.2 
10.6 
13.3 
9.6 
5.2 
15.3 
12.3 
6.8 
10.8 
9.6 
3 4 
Tl'ioron 
Progeny 
(mV/L) 
9.3 
25.0 
3.3 
13.4 
5.0 
19.1 
10.9 
27.3 
9.8 
5.3 
14.9 
24.8 
7.4 
11.2 
13.3 
7.6 
Inhalation 
Dose 
Dr. 
0.98 
1.66 
0.37 
1.46 
0.52 
1.26 
1.18 
1.82 
1.06 
0.58 
1.68 
0.67 
0.76 
1.20 
1.08 
0.45 
1 able 2- Annual exposure (Rn + Tli), Life time fatality risk factor and annual effective 
Dose 
Sr 
No 
1 
/, 
J 
4 
c 
6 
"7 
6 
9 
10 
11 
12 
13 
14 
A Value 
S D. 
Annual 
Exposure 
Rn(V/LM) 
0.32 
0.43 
0.12 
0.47 
0.17 
0.33 
0.38 
0.48 
0.35 
0.19 
0.55 
0.44 
0.25 
0.39 
0.35 
0.12 
Annual 
Exposure 
Th(W/L.M) 
0.33 
0.90 
0.12 
0.48 
0.18 
0.69 
0.39 
0.98 
0.35 
0.19 
0.54 
0.89 
0.27 
0.40 
0.48 
0.27 
Annual 
E^:osure 
Rji + 
(\A/LIvI) 
0.65 
1.33 
0.24 
0.95 
0.35 
1,02 
0.77 
1.46 
0.70 
0.38 
1.09 
1.33 
0.52 
0.79 
0.83 
0.37 
Th 
rnjhin"^ 
2.30 
4.71 
0.85 
3.36 
1.24 
3.61 
2.73 
5.17 
2.48 
1.35 
3.S6 
4.71 
1.84 
2.80 
2.9 
1.3 
Lifetime 
Fatality 
Risk Factor 
xlO-"* 
1.95 
3.99 
0.72 
2.85 
1.05 
3.06 
2.31 
4.38 
2.10 
1.14 
3.27 
3.99 
1.56 
2.37 
2.5 
1.1 
Annual 
Effective 
Dose 
(rnSv.y"^) 
2.52 
5.16 
0.93 
3.69 
1.36 
3.96 
2.99 
5.66 
2.71 
1.47 
4.23 
5.16 
2.02 
3.06 
3.2 
1.4 
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CONCLUSIONS 
The values of radon concentration, thoron concentration, inhalation dose and annual effective 
dose do not shovv' major concern. Our results have been found lower when compared to the other 
authors [3, 19]. From the present work it has been concluded that the radon levels in running 
factory having maximum and minimum in room. The values are found to be lower than the 
action levels (3-10 mSv.y"') recommended by ICRP [25]. 
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Railon and its progeny inside dilTerenl dwellings of Farrukhabad city of Uttar Pradesh in northern India have been 
niCLisured in order to calculate the Potential Alpha Energy Concentration (PAEC) and effective dose to the population of 
study area. The values of PAEC have been found to vary from 5.04 to 9.91 mWL with an average value of 7.19 mWL. The 
\alues ol' ladon daughters concentration vary from 46.62 to 91.67 Bq/nr' with an average value of 66.54 Bq/nr. However, 
the \alucs of effective dose found to \'ary Ironi 0.80 to 1.58 mSv/yr with an average value of 1.15 mSv/y. The values of 
ladon daughters concentration in study area were found to be below the value of 200 Bq/m recommended by the 
Internalional C'onniiission on Radiological Protection (ICRP). Also the values of effective dose levels were found to be 
lower than llie average value of 2.4 mSv/y given by United Nations Scientific Committee on the Effects of Atomic 
Radiation (UN.SCF.AR). 
Keywords: Radon. Potential alpha energy concentration. Effective dose 
1 Inlroduction 
111 I'cccnl years, it has been observed that Ihe 
exposure of radon and its progenies arc found to be 
the most significant elements of human irradiation by 
natural sources. More than 50% of the total dose 
received b_\' human beings from all sources of 
radiation comes from radon and its progenies . They 
arc also identified as one of the cause of lung cancer 
in minors'. 
Radon is a noble gas born by the decay of radium 
which in turns comes from the uranium (U" ) or 
ihorium (Tir ') decay series. Uranium (IJ"'), a 
iialurally occurring radioactive element is found 
ihroiighout the earth's crust in trace amounts. Among 
ihc three radon isotopes (Rn''", Rn'"", Rn"''') the 
gretiiest importance is given to R n " as it has the 
longest hall life' of about 3.82 days. There are several 
meteorological variables which affect the radon 
concentration in the air but it mainly comes frorn soil' 
/\bout 6()'/r of indoor radon corncs from ground and 
surrounding soil of a building'l After exhalation from 
soil, radon and its progeny are transported vertically, 
mixed in the boundary layer and dispersed 
hori/onlally by the wind''. It is transported by 
diffusion and convectivc flow'"'' in the dwellings. 
During decay, radon and its daughters emit a, (3 and 
y radiations. .Among these radiations the internally 
deposited a-radiations ai-e the most dangei-ous as their 
biological effectiveness is about 20 times more than 
that of P-radiatio^^ Radon does not causes any health 
hazard itself, but its short lived daughters (Po"''\ 
Pb-'\ Bi'-" and Po'") may be hazardous'^'"'. The solid 
u-aclive radon daughters Po"'** and Po' ' ' become 
airborne and attach themselves to aerosol present in 
the atrnosphcre. They may get deposited in the 
trachco-bronical (T-B) and pulmonary (P) regions of 
lung when inhaled and cause continuous irradiation 
by a-particlcs on the cell resulting lung cancer" ' . 
There are extensive data available in the literature, 
which exploring the association between radon and 
lung cancer than any other environment carcinogen. 
2 Experimental Details 
LR-115 type 11 solid state nuclear track detectors 
(SSNTD's) have been used for the measurement of 
Potential Alpha Energy Concentration (PAtiC). The 
detectors of size 2 crn x 1.5 cm were fixed on the 
outside (called bare mode) provided in twin chamber 
dosimeter cups. These cups were hanging about a 
height of 3 m from ground inside the dwellings for 
exposure of about 90 days. There should be no 
surface in front of the detector to obstruct them within 
a hemisphere of radius 9.1 cm. After the exposure 
period, the detectors were retrieved and etched in 
2.5 N NaOH solution (maintained at 60°C) for about 
90 min in a constant temperature water bath. t\ 
.v^6 INDIAN J PURE & APl'L PHYS. VOL 50. JUNH 2012 
binocular optical research microscope of 
iiiagniricatioii oi' lOOx was used for counting the 
iiacivs 1)1' u-parlicle on each detector. Background 
(rack densilN was also measured for each detector. 
'flic \'alue of I'AliC in mWL for radon progeny was 
esliniated by using the following equation: 
(•„(iiiWL) p/Kxi . . . ( 1 ) 
where p is correcled track density in tracks/cm", / is 
llic e.Kposurc time and K is the calibration or 
sensitivity factor which was determined by simulating 
the environmental conditions in Environmental 
Assessment Division of 13habha Atomic Research 
Centre (BARC) Mumbai, India. The details of 
e.\periment are reported elsewhere . The value of K 
used in this experiment is 0.25 tracks/cnrd per WL. 
I'or the measurement of radon concentration (in 
Iki/m') follow ing expression was used ^: 
(;,(Hq/nr ) = PAIiC(inWL)x3.7//-• .(2) 
w lieie /•' is the equilibrium factor having the value 0.4 
as suggested by IJNSCHAR". A conversion factor of 
,>.(SS mSv/WLM and an occupancy factor of 0.8 have 
been used in order to calculate the effective dose 
received by hmnan lungs . 
3 Results and Discussion 
Table 1 presents the cxperimenlally measured 
values of PAHC' in mWL, concentration of radon in 
Bc|/m' and effective dose in mSv/y in different 
dwellings of I'arrukhabad city of IJttar Pradesh, India. 
Ihe values of PAHC are found to vary from 5.04 to 
y.'il mWL with an average value of 7.19 mWL, The 
\alues of radon concentration vary from 46.62 to 
91.67 Bq/m' with an average value of 66.54 Bq/nr. 
I lowever. the value of effective dose is found to vary 
from I).80 to 1.58 mSv/y with an average value of 
\.\5 mSv/y. The values of PAliC and radon 
concentration may vary with the type of construction, 
ventilation condition and other factors of dwellings. 
In the study area, there were mainly two types of 
houses, one (first types) which are constructed of 
brick walls with plaster and having cemented floor 
and concrete roof, while the others (.second types) are 
made of brick walls without plaster and having 
earthen lloor. The lower xalues of different 
parameters shown in the Table I (i.e. from S. No. 1-8) 
found in the first type of houses. As these houses were 
plastered, painted and having ccmenled iloor so there 
Table 1 
S.No. 
1 
2 
3 
-1 
.s 
6 
7 
8 
9 
10 
I I 
12 
13 
14 
15 
16 
17 
18 
19 
— Values of PAEiC, radon conceiilration and 
dose in dill 
Corrected 
track 
density (pb, 
tracks/cm" 
290 
290 
300 
320 
330 
340 
360 
370 
390 
400 
430 
450 
450 
470 
490 
510 
540 
560 
570 
Average 
Standar d Deviation 
lerenl dwelli 
PA EC 
(WL„,„,) 
CpiTiWL 
5.04 
5.04 
5.21 
5.56 
5.74 
5.91 
6.26 
6.43 
6.7H 
6.96 
7.48 
7.82 
7.83 
8.17 
8.52 
8.87 
9.39 
9.73 
9.91 
7.19 
1.60 
ngs of study area 
Radon cone 
(Rn) Bq/cni ' 
46.62 
46.62 
48.19 
51.43 
53.09 
54.67 
57.91 
59.48 
62.71 
64.38 
69.19 
72.33 
72.43 
75.57 
78.81 
82.04 
86.86 
90.20 
91.67 
66.54 
14.86 
effective 
Effective 
dose 
mSv/yr 
0.80 
0.80 
0.83 
0.89 
0.92 
0.94 
I.Ot) 
1.03 
I.IIH 
1.11 
1.19 
1.25 
1.25 
1.31 
1.36 
1.42 
1.50 
1.55 
1.58 
1.15 
0.26 
is rare chance of radon emanation from the 
construction materials and ground soil which results 
in the lower radon levels. The higher values shown in 
Table I (i.e. from S. No. 9-19) corresponding to the 
second type of houses. In these types of houses, due 
to having without plastered wall and earthen floor, the 
radon gas emanating from construction material and 
ground soil easily mix with indoor air and increase the 
radon level. It is seen from Table 1 that all the values 
of radon concentration were found below the level of 
concern'** i.e.. 150 Bq/nr\ According to ICRP. the 
action level for radon concentration should be in the 
range 200-600 Bq/nr. The values of effective dose 
were also found lower than the worldwide average 
background radiation dose'* of 2.4 mSv/y. 
4 Conclusions 
All the values of PAEC, concentration of radon and 
effective dose measured in different houses of 
Farrukhabad city lie within the safe limit 
recommended by different organizations (ICT^P, 
UNSCBAR). The variations in the values were found 
according to the different parameters like type of 
construction and ventilation conditions inside the 
houses. These results reveal that the study area is safc 
withoul causing any significant radiological thi-eat to 
the population. 
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Abstract Effeciive radium content and radon exhalation 
rales in soil samples liave been measured by "Sealed Can 
Technique" using LR-115 type II plastic track detectors. 
The soil samples were collected from Farrukhabad city of 
Utter Pradesh, India. The values of effective radium content 
were found to vary from 5.39 to 34.56 Bqkg"^' with an 
average value of 16.58 Bq kg~' and a standard deviation of 
7.16. The mass and surface exhalation rate has been found to 
vary from 0.41 x 10"" to 2.64 x IQ-^'Bq kg"' d~' and 
1.41 X UrSo9 . IOx 10"" Bqm"^d"' , respectively. All 
the values of radium content in soil samples of study area 
were found to be quite lower than the permissible value of 
370 Bq kg'"' recommended by Organization for Economic 
Cooperation and Development. 
Keywords Radiation • LR-115 track detectors • 
Radium content • Radon exhalation rate 
Introduction 
The largest contributor of ionizing radiation to the popula-
tion is natural radioactivity. It is present everywhere within 
us and in surrounding environment in varying concentrations 
because of its natural presence. Soil is the main source of 
continuous radiation exposure to the human beings. It acts as 
a medium of migration for the transfer of radio-nuclides into 
the environment; hence, the soil is the basic indicator of 
radiological contamination. The naturally occurring radio-
nuclides present in the soil are mainly """^ U, ^'"Ra, "^'^ Th and 
""'K. These radio nuclides causes radiological hazard exter-
nally as well as internally due to their gamma ray emission 
and inhalation of radon and its progeny [1]. The exposure of 
high concentration of radon and its daughters to human 
beings for long period leads to pathological effect like the 
respiratory functional changes and occurrence of lung cancer 
[2]. Radon (^ ^^ Rn) is a naturally occurring a-emitting 
radioactive noble gas. It is produced during the natural decay 
chain of uranium. As radium decays, radon is formed and is 
released into small air or water containing pores between 
soil and rock particles. The exhalation of radon from soil 
involves two mechanisms, the emanation and transport. 
These mechanisms are affected by many factors including 
the properties of the soil [3]. 
As soil is used in the manufacturing of bricks which 
further used as a common construction material in most of 
the dwellings, thus, it is important to carry out radioactivity 
measurements in soil. The measurement of soil radioac-
tivity is also important for the purpose of establishing a 
baseline data for future radiation impact assessment, radi-
ation protection and exploration [4]. In the present study, 
we have used solid state nuclear track detectors (LR-115) 
for the analysis of radium and radon exhalation rates in the 
soil samples collected from Farrukhabad city of Utter 
Pradesh, India. The map of studied area is shown in Fig. I. 
The global location of Farrukhabad is between 26°46' and 
27°43' north latitude and 79°7' and 80°2' east longitude. 
D. Verma ( 0 ) • M. Shakir Khan • Mohd, Zubair 
Deparimeni of Applied Physics, Z. H. College of Engineering 
and Technology, Aligarh Muslim University, 
Aligarh 202002, UP,^ndia 
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Materials and method 
The "Sealed Can Technique" has been used for the mea-
surement of radon exhalation rate and radium content in 
soil samples [5]. The experimental set-up is shown in 
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Fig. 1 Map showiiis; the 
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Fig. 2, In this experiment iwenty-five soil samples were 
coilecled from different places of study area by grab 
sampling method. The samples were dried in an oven, 
subsequently sieved using a sieve of 150 mesh size to 
obtain the fine quality of samples. About 100 g of sample 
was placed in a plastic Can of size 10 cm in height and 
7.0 cm in diameter. A piece of detector of size 
2 cm X 2 cm was fixed on the lop of inner surface of the 
lid, in such a way, that it is sensitive surface always facing 
the soil sample. The Can is sealed air tight with adhesive 
tape and kept lor exposure of about 90 days. During 
exposure period, detector records the tracks of a-particles 
resulting from the decay of radon gas produced through the 
Lid 
10 I 
\ 
SSNTD's 
Radou 
I t l l t l 
Sample 
Fiji- 2 Exporiinentui set-up for the measurement of radon exhalation 
rale and radium content 
a-decay of radium. After fixed time, the detectors were 
retrieved and etched for 2 h in 2.5 N NaOH at 60 °C. 
Thereafter, these tracks were counted using an optical 
microscope at a magnification of lOOx under standard 
conditions [6]. The "effective radium content" of the soil 
samples can be calculated by using the relation [7]. 
CRa(Bqkg- phA (!) 
where p is the track density (track cm""), h is the distance 
between the detector and the top of soil samples (m), A is 
the area of cross section of the Can (m^), M is the mass of 
the soil sample (kg), K is the sensitivity factor of the LR-
US plastic track detectors. The value of K is 1/30 tracks 
cm"^ d~'/Bq m"'' with an uncertainty of ±15% for a Can 
of height 10 cm and diameter 7.0 cm [8]. T^ is the effective 
exposure time which is related with the actual exposure 
time T and decay constant l^„ for ~^^ Rn with the relation. 
T.-\T-llli\-^ -'•\iuT\ 
The mass and surface exhalation rate of the sample for release 
of radon can be calculated by using the expressions [9]. 
Ex(M)(Bqkg- 'd- ' )=CR, 
- 2 j - | N 
''-Ra 
•^Rn/ 7c 
4a\ 1 
CRa , , , 
Ex(A/) X (^ 
Ex(5)(Bqm-^d 
where ARa is the decay constant of Ra 
M 
7 
(3) 
(4) 
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Table 1 
S. no. 
1 
2 
3 
4 
5 
6 
/ 
8 
9 
10 
II 
12 
13 
14 
\5 
16 
17 
IS 
19 
20 
21 
••n 
23 
24 
25 
Average 
SD 
Values of ' 
Detector 
code 
D-ll 
D-13 
D-22 
D-21 
D-25 
D-23 
D-24 
D-05 
D-16 
D-14 
D-09 
D-IO 
U-12 
D-15 
D-17 
D-18 
D-08 
D-OI 
D-07 
D-2() 
D-()3 
D-19 
D-()4 
D-02 
D-06 
'effective radium content" and 
Corrected track density 
(tracks cm~^) 
680 
790 
860 
1.380 
1.410 
1,500 
1,600 
1,610 
1,700 
1,850 
1,880 
1,940 
1,950 
2.000 
2,110 
2,180 
2.300 
2.310 
2,380 
2,560 
2.590 
2,680 
3.590 
4.080 
4,360 
"radon ex halation rate" 
Effective radium 
content 
5.39 
6.26 
6.81 
10.94 
11.17 
11.89 
12.68 
12.76 
13.47 
14.66 
14.90 
15.38 
15.46 
15.85 
16.72 
17.28 
18.23 
18.47 
18.87 
20.29 
20.53 
21.24 
28.46 
32.28 
34.56 
16.58 
7.16 
(Bq kg-') 
in soil samples 
Mass 
Ex(M) 
0.41 
0.47 
0.52 
0.83 
0.85 
0.90 
0.96 
0.97 
1.02 
1.12 
1.13 
1.17 
1.18 
1.21 
1.27 
1.32 
1.39 
1.41 
1.44 
1.55 
1.56 
1.62 
2.17 
2,46 
2.64 
1.26 
0.54 
collected from the study area 
exhalation rate 
X 10"' ' ' { B q k g - ' d - ' ) 
Surface exhalation rate 
Ex(5) X 10"''(Bq m ' - d " ' ) 
1.41 
1.62 
1.79 
2.86 
2.93 
3.10 
3.31 
3.34 
3.51 
3.86 
3,89 
4,03 
4.06 
4.17 
4.37 
4.55 
4.79 
4.86 
4.96 
5.34 
5.37 
5.58 
7.48 
8.48 
9.10 
4.35 
1.89 
Results and discussion 
']"he mea.sured values of radium content and radon exha-
lation rales in soil samples collected from the study area 
are shown in Table I. The radium content in soil samples 
have been found to vary from 5.39 to 34.56 Bq kg"' with 
an average value of 16.58 Bq kg"' and a standard devia-
tion of 7.16. Table I also shows the value of radon exha-
lation rates in terms of mass and surface area. 
The mass exhalation rate has been found to vary from 
0.41 X 10-'' to 2.64 X lO-^Bqkg-' d ' ' with a mean 
valueofl.26 x 10"''Bq kg"' d"'and a standard deviation 
of 0.54 while the surface exhalation rate has been found to 
vary from 1.41 x lO"" to 9.10 x 10"" Bq m"^ d"' with a 
mean value of 4.35 x 10~^ " Bq m"^ d"' and a standard 
deviation of 1.89. The value of radium content found in soil 
samples are lower than the values reported by many 
researcher [9-11 j whereas the values of radon exhalation 
rate in both cases are quite low as compared to values 
reported by Khan et al. [9] in the soil of Lucknow. The values 
of radium content were also found lower than the permissible 
value i.e., 370 Bq kg"' [12]. From Table I, it has been 
observed that there are variations in the values of radon 
exhalation rates among the samples. This variation may be 
arisen due to the difference in the nature of the samples, and 
radium content of the samples [13] because radium is present 
in varying levels all over the world. This work is important 
because this area has been studied first time by us for such 
measurements to know about the radiation level present in 
the environment. 
Conclusion 
The values of radon exhalation rate and radium content are 
found under the safe limit recommended by Organization 
^ S p nnger 
270 D. Verma et al. 
for Fxonomic Cooperalion and Development. Hence it can 
be concluded thai the study area is safe from the health 
hazard of radium point of view. 
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Alislract Radon and ils progeny have been recognized as 
one ol ihe major eonlribuiors lo ihe naiural radialion and 
healih ha/.artls in ilie human dwellings. Even king cancer is 
expecied il ii is present in enhanced levels beyond maxi-
mtiiii permissible limit. This paper reports the measure-
menis of indt>or radon and ils pi'ogeny in the urban 
ilvvellings of the Ittah district of L'llar Pradesh province in 
.Xorlhern India using the cellulose nitrate (LR-115 type-II) 
plastic track detectors. It is found that the values of radon 
concentration \'aiy from 3.52 to 248.64 Bq ni~" with a 
siandarti deviation of 69.19. The values of radon progeny 
conccniialion \ai\ from 0.38 lo 26.88 mWL with a stan-
dard de\iation of 7.48. The effective dt)se has been cal-
culated and found to vary from 0.05 lo 3.76 mSv year"' 
wiih a siandard deviation of 1.05. The lifetime fataliiy risk 
is found 10 var> from 0.04 x 10""' lo 2.90 x lO""*. The 
results have been compared wilh the results reported in the 
rural areas of the same district. 
Keywords Ration and its progeny levels • LR-115 type II 
plastic track detectors • Effective dose • Life time fatality 
Introduclioii 
Radon is the umque gas present in the natural environment 
supposed lo be ilie second most important factor of health 
,\l. Shakir Khan (' •') • M. Zuhair • D. VtM'Uia • 
A. H Naq\i • A. A/am • M. K. Bhardwaj 
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and Teehnulogy. Aligarh Muslim University. 
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hazards caused by natural radioactivity. Inhalation of radon 
and ils progeny can cause a significant health hazard, if it is 
present at enhanced level (Singh et al. 2001). There are 
various factors affecting radon concentration ai different 
places including the difference in soil texture or porosity. 
The exact source of radon in soil air may be at a deep 
distance from the surface. The lower radon concentration in 
the top layer of the soil is attributable to the proximity of 
the soil lo the atmosphere (Fleischer and iVlorgo-Campero 
1978). 
The radiation dose received by the dwellers from all 
natural sources, about 52% is only due to breathing of 
radon and its short-lived daughter products (UNSCEAR 
1988). It is well documented fact that the pathological 
ei'i'scis like respiratory functional changes and the occur-
rence of lung cancer may be caused by the long exposure of 
person to high radon concentration and its short-li\ed 
daughter products (Lubin and Boice 1997: Ramola et al. 
2008; BEIR 1999; Al-Sheriedeh et al. 2006). 
In the present investigation, measurements of indooi' 
radon and its progeny have been carried out, using the 
cellulose nitrate (LR-115 type-II) plastic track detectors in 
the urban dwellings of the Etah district of Uttar Pradesh 
province in Northern India between January and .\4arch 
2008. The results have been compared with the results 
reported elsewhere (Khan et al. 2008) in the rural areas of 
the same district. 
Experimental methods 
Geology of the area 
The study area is a part of Indo-Gangeiic plain. It is in the 
sub-tropical climate zone (Umar and Ahmad 2000) and lies 
"0 Springer 
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hciwccii 78-" 11' and 79°17'E longitudes and 27°18' and 
28 2'N latitudes. Cjeographically, the area is underlain by 
okler and newer alluvium comprising alternate layers of 
sanil and clay (alluvial plains). It occupies the Hood plain 
ol the (ianga-Kali inierlluves (Limar and Ahmad 2000) 
where the average elevation is 170 m (or .557 It) above the 
sea le\'el. The average relative humidity ranges from 32 to 
829f. .May and early June are the hottest months of the 
year, which are followed by the onset of the southwest 
monsoon in niid-,lune, July and August, which are the 
inonihs of hea\'y rainfall. Rainfall in the region ranges from 
l.()00-2,0()0 mm (.^ .9-79 in.) in the east to 600-1,000 mm 
(24-39 in.) in the west. The rainfall in the plains is heaviest 
in die east and decreases towards the northeast. The main 
sotuce of rainfall is the southwest monsoon which is nor-
mally suflicieni lor general agriculture. The average annual 
lainl'all is 775 mm and the average evapotranspiration is 
]}){){) mm (L'mar and Ahmad 2000). This region has plain 
lopoeiaphy. \asi forest, agricultural land and highly fertile 
allii\ial soils loiined by the silt brought through by 
nimierous ri\crs. North India lies mainly in the North 
femperate Zone of the earth. 
The subsurface geology comprises Bundelkhand granite 
(3.000 .Via) as the basement complex, which is uncon-
foiniably overlain by the rocks of the tipper Vindhyans 
(upper protero/oic) and is hnally overlain by the Quater-
nary alluvium. The Quaternary alluvium consists of alter-
nate beds of sand and clay down to 620 mbgl that contains 
several aquifer systems in the central Ganga basin. Various 
grades t)l' sand form the granular /.ones varying from hne 
through medium to coarse micaceous sands (Umar and 
Ahmad 200(1). 
The hydrogeological cross-sections show that there 
occurs a siiigle-iier aquifer system down to 124 mbgl, 
hovve\er, in places it is observed occasionally interleaved 
w iih the two clay beds showing a three-tier aquifer system, 
f]} and large these aquifers appear lo merge with each 
other and beha\e as a single-bodied aquifer system. The 
depth to water level in the area varies between 2 and 
1(1 mbgl. flowe\ei, the shallow water level is recorded 
close to the lower Ganga canal. The regional groundwater 
ll.iw is from a NVV to SE direction (Umar 1990). 
Iinloor radon measurements 
Measurements were carried out employing LR-115 type II 
plastic track detectors in the urban dwellings. These 
detectors are sensitive to 5:-particles and are widely used 
for radon and its short-lived daughter products measure-
ments. The detectors of size 2 x 2 cm were used as pas-
sive detectors in "Bare mode" (Alter and Fleischer 1981), 
lor recording the tracks of a-particles emitted by radon and 
i'.s sliort-lived decay products present in the ambient air. 
The detectors were fixed in such a way that the sensitive 
surface of the detectors were facing the air, taking due care 
that there was nothing to obstruct the detectors within a 
hemispherical volume of 9.1 cm in front of them. The 
a-particles originating from radon and its short-lived deca\ 
products were registered as tracks in the detectors if they 
have their energies in the range of about 1.7-4,1 MeV 
(Jonsson 1981; Durrani et al. 1984). Thus, the radon short-
lived decay products, which plate out on the surface of the 
detectors will not be detected because their a-particles are 
too energetic (Cherouati et al. 1988). 
The detectors were mounted mostly in living rooms and 
were exposed for a period of about 90 days in the urban 
dwellings of the Etah district of Uttar Pradesh province in 
Northern India. After exposure, the detectors were 
retrieved and etched for 2 h in 2.5 N NaOf^  solution at 
60 ± \°C in the laboratory. Subsequently, tracks were 
counted using a spark counter and track density of through-
etched holes was evaluated. The potential alpha energs 
concentration (PAEC) was determined using the relation: 
- ^ ,1 Cp(mWL) 
where p is the corrected track density (in tracks cm~"). A" is 
the sensitivity factor or calibration factor and '/"is the 
time of exposure. The radon concentrations in Bq m 
calculated by using the relation: 
3700 .V H/Lc„„,, CR„(Bqm -) 
CRnfBqm' 
F 
3.7.yCp(mWL) 
F 
otal 
are 
(2 i 
f 3 i 
where F (=0.4) is equilibrium factor (UNSCEAR 2000). 
The effective dose received by the bronchial and pul-
monary regions of human lungs has been calculated using a 
conversion factor of 3.88 mSvAVLM (ICRP-65 1993). 
Results and discussion 
Table I depicts the values of PAEC, radon concentration, 
effective dose, annual exposure and lifetime fatality risk in 
the living rooms of urban dwellings of the Etah district of 
Uttar Pradesh province in Northern India. It is evident from 
the table that the values of PAEC vary from 0.38 to 
26.88 mWL with a geometric mean value of 3.28 mWf. 
and a standard deviation of 7.48. The values of concen-
tration of radon vary from 3.52 to 248.64 Bq m with a 
geometric mean value of 30.31 Bq m"" and a standard 
deviation of 69.19. Table I also depicts the values of 
effective dose that vary from 0.05 to 3.76 mSv year"' with 
a geometric mean value of 0.46 mSv year"' and a standard 
deviation of 1.0.5. The lil'etime fatality risk is also calcu-
lated and found to vary from 0.04 x 10""" to 2.90 x 10"^ 
••;''! Springer 
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'ral)lc' 1 ['lUciilial alpha energy 
c(iiiee(U(a(iiiii (PAliC). 
ediicciKradoii of radon. 
I'lTei'liNe ih>se. anil lile lime 
lacdiK risk i)i in'ban dvvellinus 
S. no. Uclcclor PABC Concenlration Annual exposure 
code (niWL) of Rn (Bq in ' ') 
1 
2 
3 
4 
5 
6 
7 
S 
9 
10 
11 
12 
13 
14 
15 
16 
GM 
SD 
47 
16 
21 
17 
(13 
04 
42 
:o 
03 
01 
46 
OX 
49 
02 
19 
50 
0.3X 
0.63 
0.75 
1.00 
1.75 
1.88 
2.50 
3.13 
4.63 
5.32 
5.50 
6.63 
7.50 
1J.26 
20.25 
26.88 
3.28 
7.48 
3.52 
5.83 
6.94 
9.25 
16.19 
17.39 
23.13 
28.95 
42.78 
49.21 
50.88 
56.70 
69.38 
104.18 
187.31 
248.64 
30.31 
69,19 
W L M 
0.01 
0.02 
0.03 
0.04 
0.06 
0.07 
0.09 
0.11 
0.17 
0.19 
0.20 
0.22 
0.27 
0.41 
0.73 
0.97 
0.12 
0.27 
111 J li m " ' 
0,05 
0.08 
0.10 
0.13 
0.22 
0.24 
0.32 
0.40 
0.59 
0.68 
0.70 
0.78 
0.96 
).44 
2.58 
3.43 
0.42 
0.95 
risK 
0.04 
0.07 
0.08 
O.ll 
0.19 
0.20 
0.27 
0.34 
0.50 
0.58 
0.59 
0.66 
0.81 
1.22 
2.19 
2.90 
0.35 
0.81 
Lil'c time I'alalily lilTeclive dose 
• T"* (niSv vcar ') 
0.05 
0.09 
0.1 I 
0.14 
0.24 
0.26 
0.35 
0.44 
0.65 
0.75 
0.77 
0.86 
1.05 
1.57 
2.83 
3.76 
0.46 
1.05 
ll is obscr\e<.l dial ihc values of raiJon concenlralion.s in 
ilie rural area aie higher (Khan et al. 2008), than that of 
uibaii area of (he .same district except one dwelling. The 
luniscs in the urban area have well ventilation, plastered 
and painted with good quality paint and the floor was made 
ol mosaic or marble. The plaster on the brick and paint on 
the walls help in hampering the emanation of radon from 
the building material used, thereby reducing the value of 
radon and its progeny in the indoor environment, whereas 
in rural areas most of the houses are made of unlired brick 
and mud without any coating on the walls, thus the radon 
emantiiing from the building materials directly enters the 
intloor en\ironmeiit resulting in the enhanced levels of 
indoor radon and its daughter products. 
There is only one dwelling having the value ol' radon 
concentration greater than action level, i.e. 200 Bq m~ . 
riie higher value may be attributed to the fact that the lloor 
(v: this dwelling was made of granite marble and granite is 
considered to have high value of radium. F-urther, the 
\eiitilation in this house was poor when compared with 
other houses. 
Concliision.s 
The \ alues of ration and its progeny have been measured in 
different dwellings of urban area of Etah district. Effective 
dose and life time fatality risk have been calculated for the 
occupants of these dwellings. It has been observed that the 
values of radon and its progeny are higher in the rural areas 
when compared with the values in urban areas. 
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